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(57) Abstract: A parallel link mechanism comprising at least three expansible and contractible rods supporting, independently of 
other portions and attitude controllably, a reticule surface plate (12) supporting a reticule stage (RST) retaining a reticule (R) thereon 
and a wafer surface plate (38) supporting a wafer stage (WST) retaining a wafer (W) thereon, whereby it becomes possible to reduce 
the weight of a portion, which is supported on the parallel link mechanism, by utilizing the advantages of the parallel link mechanism, 
carry out an attitude control operation with excellent performance characteristics, a high rigidity and a high accuracy, and reliably 
prevent the transmission of vibrations between the reticule surface plate (12) and wafer surface plate (38) and other portions, for 
example, a projection optical system (PL), this enabling a fine pattern formed on the reticule (R) to be transferred to an upper surface 
of the wafer (W) with a high accuracy. 
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SOMAf** h;i/TfeiJ. *0Xj£#&tfYtf#[4iS«IH£«3 0 4lCfcl* 
Sft^glft^fiid flx/d t&tfd fly/d tT*y, ®iE$)ftSI4Z 
ttEiy ICI4lal(£L^:tNO"C, ZiS#liOT*4. fcfc, J (1 2) &tfJUT0> 

(1 3) lCcfcoT#&£. 



iV^^'vi, —(1 3) 
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~T i ,s i RA • j* •••( 1 4) 

COiC (1 5) (CfcoT^^o 

,-oJj ,= x 7^) /A — (15)_ 

<ana«<DJK*T> 

cfr^a^ + 00*^ + (OpXiiOpXbi) •••(16) 

^£ h;uT*&y> ttiBij#siix^ifii&^Y^iPiiciiiga$n«:txoT, 
h;uopOXfiJc^&^YfiJc^iifticoT*y, z ^liio^SiftSgu 3 o 2 ic 

fclt«5MS12:5Efiid 2 Z/d t ? T<fc&, ^£h;Ui3pl^ XYZli 

@isj£§P3 0 2\zt$tfz>mm&nzmci 2 e x/d t'&tfd's y/d t z r 

o 

(1 7) iCfc^T^^^o 

~cfo i = i RA~ci> i •••( 1 7) 
CCt. ,a b, ©Z.lt^ 07 h'RD, tf){$$SJ)D j&K a R , "Vfo 

X.Y.Z.M^T^c^B^ftJD^S^^ h;U ,0, &<Oxt ( 
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1 8) IC^oT^fcS. 

7A=(~5**7<^) /D l -2VR i -'ia i /D l •••( 1 8) 

&Qy K R D, ltf[ 9 Id, @g<Mg|?tt R M 1 t 

ttRMI onmitm 1 IJ * nllfiffi'JSUW R M 2 OSilim 2 T&<5 if-So 
SSMtt R M 1 CDSMi. ^.A.^&^B.'MpJ^^^IbJIC^^T^A 
, fr&ffiWL 1 ©MlCftU» nrSbflNSP^ R M 2Dlibl2. £B, J&>6>£A, >\ 
IfilJ&^ftlCftoTjSB.^&iEISIL 2<0ti{ilC&'&<!:-r*. 

X , Y | Z , M&T Jifc. BJ£ffi"JBM*RM 1 Ofi/fclcfcltSM 
h;U ,a 1 ,&OTiftfl88B*JRM2©S/C>lC*3[t*JDag^^ ,a 2, 
K<D3t (19) Stfit (2 0) IC^oT^&So 

{ a\ t = II • ~A + LI ' * x i*? •••(19) 
7^ = aR, • + (D, - 12) • ~A x ^ 

+ (D f - L2)- 7^ x x ^) 

+ ■~t3~*~Si • •(2 0) 

8£<flft¥#T#**7-f 5<i:> 0 7 lc^$tl^J:9lC, tftBMi* S £ □ y K R D , 

-eUT, SP'yh'RD^^xmtUT^, &P y K R Di <D A, 0 

yoii»^asc*/tT*t» fcoa (20 ttz% 0 

~^A = d Qtf) /dt -(2 1) 
dCT% ^NU,n,Ali, KRD^A.^IallJW^-^^h^^ 
T**J. 8 h , A(4. ay KR D, A, £|h] U OMUlS'** HUT** 

So 
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<hC5T, 0 7lC^Sn-5«fcPlC, X,Y,Z, im^T^T, ,6A, iCfcOT 
Uy KR D, (CJSrt ,f a, (, f a xl , ,f a YI , ,f a Zi ) £B, ICfcO 

TPyRD, \Z®<W.D {-,f b, (-,f b„, -, f b yi , -, f b J( )} #56 
£U fciBI&ttSO/SB.OttJfcjSilCKfi ,f b.tf&^UTUS. 

r*«>e>n-5. z.iftia^icwisf *fii ,f but*, wTic^$n*xY 

ZJfi«»T!!.«:»«»ftS©a6M»^SaT»*a (2 2) ^:HIE«i2T 
&&5t (2 3) t*iltt*-&T»<CtlcJ:y*«>€»n*. 

3 _ . 

£ (AfbJ + rrip- g-mpa p •••(2 2) 
B " P =I (BbrWi> " (2 3) 

4^ = ^-7^ --(2 4) 

^£ HUB f b| ttU VWlISWcWftS^B, Wtt/fc.SlCfctf-SS 

^^hut&u, #4)3 (25) icct^r^i&bn^o 

= (ARB)' 1 - ARi ~ft>i -(2 5) 

fcfc, it (2 2) t& (2 3) <!:Oiiti^@^tt6 0^^fi^«:^-CtN* 
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tfis 3Z>om , f b zl ( i = 1 -3) £#tb£<D\Z$>lzV % %m&6 x, 8y 
, Z^|6)tf)3 gffig;*|p)fC'DlNT/£3ft-5C££3rSUTv it (2 4) <flZ/3c 

tticus-r ^gxt&tfxt (25) (o ex, e ymftiz®tz2oQ-xmjX:fr*> 

a (2 6) lC«fc-pT3R«&*. 

T| = ,f b z , + m2 • gc • c o s 

+ m2 • ,a 2 ZI - (2 6) 

CCT, ,f b zl l±, bJl ,f b , <D Z y % g clifi^MJtfl) 
(9. 8m/s ! ) 

W±» -a- h> • ^^-aslcfcSfcny HRD, lc*tf SJfrt <£> 

*tti*lfcWUfcJ&«. d' A I em b e r t;£lC«J:y«-Py KR D, lC*ff<5tt 
^tl^il^mitS-rSCt'bBlfig-C^'So d' A I emb e r t&l*. ^a-h 

JUT, d' A I em be r t ;£lCOOT«Sfft-f 5„ *#IC;k£&0 

Wl»bX Y ZJi^>\(DlHie^^t7?"Jli5j-^7-fta3l(C«fc^X^«)-5 

(27) zffirztxYzmmZiizmtZQvFRDiOv^s? 

vbi = Jb { • va ••■(2 7 ) 



51 



WO 01/22480 



PCT/JP99/05102 



So 

;*<£xt (28) iccty, x.y.z , mmmzmt §p«; kr d, <du > 

9*n\£7>frW ,J b, 

iJb^iRAJbi --(2 8) 

cou>*-f 3K7>ffW,j b.sttffl-j-sc^iccfcy, ;^os:(2 9) ic 

,vfej =j J& f • va p •••( 2 9 ) 
fcOT* fc©5* (3 0) *»fcf»K»#'\'atf7>l7yiJJ P£*46S 0 
VR^ JP-T p .-(3 0) 

0:5c 02) T*»en*. 

fS p = rn p -g-m p a p .-.(3 1) 
W p =-AI p T p -~^' p *{Al p ~^' p ) -..(3 2) 
JUT, mi^^^ K/M SpchtltSh^^^f MUt Spi^^U/t^^ h 

;u^Tp<t:a-r. 



52 



WO 01/22480 



PCT/JP99/05102 



msisfci? ,t 1 „ x, y,z, mmmz&tf y kr d, £m 

fiKl-^^iMJSPWRM 2o«^ic©<^ip^^^ HUifltttMU*** h;u<h 

, PyHRD, t,**»*. fcfc* Jtt^ffl^tt r , li» iMfta 

to&mzifiiz : E-*tz&mtfi$>&o 

mesas**. c5UTK*sn/t«E(i, «Eiamti3 2 2*fru 1% 

*7h*-*9 2ICWI6) IC«*a$n£. -tUT. flH&asftfcWEIOfcCTP 
y h'RD| ##H8t"«S C £ led: U . *MMMt3l 6 ±IEO&IBij) 

#S (0 1 (D^XA'C-^Jtfiga 8 3?IC**J6)) #0 x. fly, Z^[fi)©3| 

fig • £fttt£tt3 0 6 lcfc(t3&g • «»tt£tt£*x-$>*-fe>-0-3 2 0 
(01 <D7 7 3lc*tJfc) lc**ttB»»©*3Mi£©£U:j&i; 
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Oy K R D j ©l$tP«; K&-fe>-tf-3 2 6 (HtJijEtf) U -7X>=J-^ 9 5 IC 

#5g£UT\ ^EjDPmtS3 2 2lC^r^C<tlCUTt^<5o £ 5 LfcftHSlft 3 
1 8,3 2 4lC t fc-5liiEmE^IC<fcy, B#F0&tt8P3 1 2XI*$iBS)ft3 1 

mmmnmw 302, jggiajtHP 304. &g • skksas 3 0 6 % asi&a* 

M3 0 8, mffiS»8P3 1 0, Mil 3 1 8, T5L&Um%s3 2 4$|*JSU 

/t7 l^U'J >^««IICJ:*tt»«iJ»Jjlia*«ffl LTL/f^M-^S1 1 2 & 
^^X/N^-^^SI3 8<£>lBi!)ftJffil£fToTlN5. 

tl, -5"<D&, 77^>>hi:>1t£m^'?XAWtf)77'('>77'f ( 

EGA (X>A>7sh ' 9U-I\)\,> 77>f>>h) H) Wb, 9XAW 
4 9 2 3^&8&tfcniCtt/Er3*l!8fF35 5, 2 4 3, 1 9 5^lCi?HBlC 
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Hii^StU $.tz, Ztl\Zffi< EGAlC^Ttt* 4#lffiBB6 1 -4 4 4 2 9^ 
&&tfcnicm?-.5*@!$l*&4, 7 8 0, 6 1 7^Hlcmffl[C|S^<*tlT 

^^;H/--tf=f^tt2 4 R y,> 2 4 R y 2 > 2 4 R x COftjRiJfif X* 
±ffl&8ft5 O^ecOfi^lCJ^C. $X/\U — !f^it2 4Wy,, 2 4Wy, 

s 2 4 Wx<Dft;?JH§£^-*Uoo9xASBiJ!igM4 O^UTfi/\7f- 

Xt— ^*J9P«B5 2T'li, I/t^WBWSB 1 4, ^XASgfftg 
B4 0^-en^'n^UTl/f-^^^T-^R STt^IA77-yWSTi$ 

7.t-^wst*x^[S]Ic*>3'> hfo®<D-VlMdtfXTy tf^Sth 

±I£cDj£2iItt*IC> ±£I9P£B5 Otlt 77-^J«815 2#to'J7 
;U*-f ATffift$tt3 2XAW±C9gft$i®rtcr)7;i--*iX, U^U >^it;JM 
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M)><?mmi 4%mmt%&\ (oimmms 4,-9 A^^n^mt^xm 

1 <DUy h' 7 8,-7 8 3 ZimmMLT. CJXA^-^SI 3 8^lTOl 
/Uf-yWST(^Z, 0x, 0 y<A3@fcg?j[p]tf>ttg • g|*£$iJiSI-f 3. 

5l/U7-yWST) <h£>Z, Sx, 0 y©3 a^g^ifi](^ffl«ttgoiS^ 

&tf/^U;W>*«*7 4«flt&r«ft2 0#IMMt1 1 2,-1 1 2 3 $7 
^-M^IIU ^2©PyHl 0 4,- 1 0 4 3 £#tt*!l»UT» I'?-* 
;l^-*j£fl8l 2 0Z» fix, 0 y©3 gfcg*[6)tf>&g • set*£ftJ?S)"f S. 

f«:*>ft» c©J:5i:i/TiM»8l5 OTIi, P L CttT* l/f- 

^;U7xT— vRST (l^*;UR) £0Z, fix, 0 y£ffl0£*>H&IE€II8 
LTCN-5, CttlCctU* l/f^;^f-yR STO&WiaeHLTfWMWl/ 

fllBTt&fcgn £>Py K 7 8,- 7 8 3 ICcfciJ, 7xa^-7s£&3 S<DZ, 0x 
, 0 yfilSlflftM • 'gmZUMTZZttfTZs cniC<fcU. 7xa^-7n£ 
881 2±lC#±£#£tt£7l/\7xX-v > WS T£>Z, fix, 5y^lS]©ffii 

R^II OTIi, 7xa*x->>WST±|CZ • 5^hSgl)«l$i£^: 
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V%Ztt£<. #ffinT1)g&$1 <DUy h'7 8,- 7 8 3 tJ:U, ^XA^x-v 

wsT±ic<*^$n^ox/\woz -^uhiBUu wciiSxAwosiStt 

C<Di§£. "JlA/<-^fi3 8ll 3*<D£1 <DPy h*7 8,~ 7 8 3 iCfco 

igift(0(gllc-?-<DiB»j^(^S^lcigHUT^x/\^-^Jt^3 Zijmm^Xh. 

<hfcy. ^X/\^7"-vWST^¥® : E-^^e>fiS'5 , 5X/\|gift^g4 0lC<fc 

y 9 3 8 ±T-IEB)-r S^OlEIKi^St/IEiftS^^iSM-r^ £ <t 

2 tf) □ H 1 0 4,~ 1 0 4 3 iCfcU » l/^JU't-XSBl 2<DZ y 6x, 5 

1 2±lC#±3m$ttJfcl/5^;i'*T-- *R STOZ, fix, 0y*|6]<Z)tiLg 

t©M» fcSiMiU^-^U^x-vR ST±|zz •^NttiMilt*R(**c 
<h&<, #flra£&£2ti>ny K 1 0 4,- 1 0 4 3 lc«ty, l^f^U^x-v 

R S T±IC«#$nfcU'5 1 $UUR<0Z -^UhB», lMNTI*U?^;UROft 

B3t**p Licfcrraz, ax. e y^iRjoffl^iaBosij©, 

2 ic ft m t * as ft m. m\ c «t ? r £ i; 5 i/ f- * ;u r <o 9 7 * - * * 1 c @ m t % / 1 
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1 2li, 3*<03?2<aPy HI 0 4,- 1 0 4 3 [Ccfc^T&iZft^P L tl*& 
*P L<a^iftgE<hfcac<h#?&<i:fcl\. Ctf>i§£> Z • hSElft«S 

So 

tt»3t^*P L|C@£<*ttfc7;l--;fi 7 3 
BSStl^ffilltttt« (7*-*7t>*7 3, »7XAl/— 4W 

) CJ:^Ttft»5t¥*P Lt^i/\w<!:©ffl»ffilIH«*«iaa<1fta-r*c: 

Ix5^^*x-^R ST±lClfttte>ftfc&iJ)0£2 2 RlCSDJ^tf-A* 
i^l^^^f-yRSTOX, Y, 0 z^l6j(D^g««iai-rS : f^ft2 
4Ry„ 2 4Ry 2 , 2 4Rx<h. )\s^-7.'£& 1 2 ICB£3n£5 7 

-2 8 Icajgtf-AfcBMtUl/f-^U'C-^Ml 2<0Z. Ox, d y*fa<D 
ffiS^^ai-r^mi ~» 3 OTjMt 3 0,- 3 0 3 tlCckoT. U^^UTxX- 
yR ST P L <h(D 6 g & gfifiOfflttttfifc&m-f Stt^&iUg 
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•S3fe¥*P UC@£<*nfc&M&fchgg ff^lt 2 4 R y 14 2 4Ry 2 , 2 4 
Rx, 3 0,-3 0,) (CfcoT&iZtt^&P S T<D*B 

£7t> *0UfcM<Z>gtt&fi 1 OTIi, &1 <DQv K7 8,-7 8 j. ^20 
□ y M 0 4,-1 0 4 j lC*tt-£tti9:{7e>tt3Bili£!fn (Dft$8&tlt9 4,-9 

4 3 , gl 2 OtttSfiM1 1 1 2,-1 1 2 3 #, ffiSlcil^J (Xli&?"J) iclfigs 
n/bX7i>'J>y8 4<t^®7J'J^7 ; E-*tf>-?tT&*r>V7h : E-*9 2 
t&GlsXIWi&Ztfrb* ±ftj©gg5 0Tlix7*>U>^8 4^SE*J 
iSHC^y, 7XA^-7>£&3 8, U^^-^&l 2$:, *I<*£<iB 

0 y*fa<DGLB - &&<Dm®* WTIiU5^^R;&tf7XAW<fl£:f2ft^m 

l^1(DP'>H 7 8,- 7 8 3 , ^2(0P7 H 1 0 4,-1 0 4, (D^tl^ 
tlli, ->t7 h^-* 9 2 (ORTiJl^T&SfiB^jLXy h 9 0 ^HS^'C&S^ 

M 8lCttUT#M£MT$*rr£X7Ay K9 6£WLTl\£<DT 

g}g£[ElliT<5;:£#T#, ctilCckU, 9XA^-7xJ£883 8, l/**^ 
-XSSI1 2$fnfn^LT')iA7f-yWST l W;i/7f-yRS 
tcoz, fix, ey^ft©tt«-»»©*J»*-]iK«Slcff5c:i:««-c** 

0 

*n«i^fii(D^^g 1 oTii. $1 onmrnms 4,-9 4 3v 312 
1 2,-1 1 2 3 , 3 (Dimmm 1 26,-1 26,$^^- 
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'J -7t-* i:UT'>^7 ht-^9 2#SH\e>tt, &*>*7 ht- 
* 9 2 -C (i^Jift^aiJ (C R ®^<D^5^ffl t ^ e>*l£®tlix y h 9 0 tffflO 

mz&ttolz'fiotttlz* i/t7h : E-^9 2£ffli\T^®jtf)ftJ{i£fr?>J:3 

lC"f£C<i:#T££o couple-fat, -Jl/\^-7SSi3 8&tfl/^*;U 

2©'>/j:<it)-^UT(0^f-yWST, WST(5'M 

lc# ? T*£ £ £ jgiJl&tfSTxX- ittom® iCck U £ D £ JSrt IC «fc o TO x/\"< 

•> U>^8 4 0ffiE*lWBi"f 5 c <h lc<fc y MSftSU^ftiJfi-r £ <t i: lc*>i» 
7 ht-^ 9 2 ic»r*«3RMWlCcky»«ISftji»*ttlfr*J:5lc:-r*c:t 

#T'£3o CCDct^lC-T^i, &XT-V<0®mz£V£.CZ>&l)\Z£?TO 
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132, &tfi/>xm3 2 <t$x/\g4 4<h£*neng3£-fs#ass£<34fc 

Kttffl!tt3 4» 3 6t$WU, 5l/\7f-yWST, PU &tf 

i1 2C5Z, fix, 0 y^lRjO&M • '&®<Dmm : £&Bte<'n : i>Z£ffV£Z> 
mX* (N 2 K 'Ml 9A#X (He) mZltmtZ Z\£lZ£Vs A r FI*-> 

5 1 * ;u r own/ t * - > £ iiis&jgT o x/\ w± (c^-r * c t tfi to ic & § 

o 

77-yWST, l/f^Mx-yR ST^&fifc&tf |S]±#pJ 
<, »£*HiTOTJGO, HeMftlfOttRSHSlTrOF, U— Sf***^ 

tg£3*<Df&3 0O<;/ K 1 1 8,~1 1 8 3 lC«k-3TlftK)t¥5R P L#£#5n 

fcii^lCQOTIfciyjCfctfv CtlliJB3©Py K1 1 8,~1 1 8 3 fc^-ti-eti 

tt«3l***3 0ttl8ttM*1 2 6,-1 2 6,*ffl»JlC«»«CtlCcky» S 
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'b.UUJ-ZilT.T-i/R $T1fit*>\ZZ. 8x, 6 y ^jATtilg • {gS*£f&J® 
bI^WT. £XAW&tf U3^UR<0*ft^ft£iS:|2tt^P L£(flZ, 0 

±tmmmmvu, &z<Dim®&-\ 2 6 ,~ 1 2 6 3 ti7y'j^ 

±ieH«filTli, $ 1 <D^-*g&tt 7 6 „ 7 6 2 , 7 6 3 , &2<D* 
-X8tf**1 0 2, £3<P^-.*M1 1 4„ 114,, 11 4 3 £-tft€ft#J 
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7 l -^#^ifc£§i£ttTOTfcJU^ ^XA^-^SSS 3 8 ±tC9x 

u^^us&tfTOicfc*©-^ maoism juzm^fi:2nm?ftm<o£nm 

XA*x-V±O9XA|Cat££S^ft+lCft!>09XA*x-^±T9XA 

±I£H»«ITI*, 9XA*x-v5£Si3 8, l/*-*;i/*-*JMI1 

2fy<£*\z. 'tftZftrt? i/)i>v>t®® 7 4(di^i <D®m, &2<Dmm-vg 
aim ic $ n£ ic o t \ xut w u £ w # c n ic prs $ n& 
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>/trtica*#* (n 2 ), (He) **£*«c:£icj:y, a 

£ ffl I* £ % HB / 1 * - > * A 8¥<& & T S « ± I C Ie ¥ f * C £: # nj m I c -5 . 

«m2 0H«i^» 

HbfcttfgTs tWRt LT0«>xyNW<!:*»fS<O^g^lpl (CC 
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vtffflO&tl, Cne»07f-^, t*b\Z. X, Y, Z, ffx, fly, flz 

g*g^ifijicotNT/^u;u'j > * mm \z «k o xftg • '&m®m<'f(t>*i 
z>&izft®zGtz>o 

T, C7X/\^x-vWS T$I>|<l7i^^<!:l/Tft^1 O/t^lWUU 
2 0/1^lWU»J>£*lt?f 1 3 4f|£fli;LTlN<5. 

#1 3 6 <b, ^ff5 1 ^-^Sfltti 3 6 t7IA77-yWSTt$l^t5 
6*0{$*Siimfc!fS1 (DPyh' 1 7 8,- 1 7 8 6 ts »1 OPy K 1 78,- 

1 7 8 6 ic^n-eni&iT&n^&si&i ©py K*ft«s**Jiii <owmmm 

1 7#K0 <»:£WLW<5, 





9T(2 


S3 




R3 



JBlOPvKl 7 8,- 1 7 8 6 <!:UT!i, m®lsfcm 1 (DUK^TSiS^ L 

£8i <dp«> k 7 8, tmmz*ti*n<D®iffaizmtt®®*!mttm-\ waM* 

<tm2|4gPW<i:^W-r^'t^ffltNe>nTlN*. *LT, WlOP-yHI 7 
8,- 1 7 8 6 £ fltfifc-f £31 1 lABPttig 2 IMM*#I7 •> 'J >#£ «>t7K 

-^t^e>fi8*s»ijEi/fc*i ©«i«*«9 4, ^<Koii o#m«ti 9 4, 

- 1 9 4 6 lZ&?TmttWW>Zn%&z>lZteoT{,\Zo ^lOPyKl 

7 8,- 1 7 8 6 o-tn-enicii, *n-znowi 1 £><*as&mi 9 4,-1 9 4 6 
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*ai1"*rt-./u***flli*fc l J=7x>:3-* r 9 5 ,~ 9 5 6 (0 1 7#ISD & 

C<Di§£> 01 O0»&W&J&>£«fc5lC, OyM 7 8,-1 7 8 6 cd -^n-en 
te, nm#3.-/i— *)H>34 S SV 1 3 8^UT, 3n<3^-*BWl 3 6 
^SXAT.t— yWS TilC^tt-eftJS&SttTO*. Ely P 17 8, 

, 1 7 8 2 (i, ^i;\X7-xWS T<DE.ftB<D 1 OOTI^filgOjfi^lC^ 

mi o^-^Mi 3 6 <hc:ne>oay Hi 7 8,, 1 7 8 2 <hlC<fc?T 
&B&=ftra#«ritSn*<fc?fcM£fco-n\£o fflfclc, a y K 1 7 8„ 

1 7 8 4 , 1 7 8 5 , 1 7 8 6 li, 5lA7f-yWS T© = ftiKO 

^u^Ti^&goifi^ic-e-ti^n^^n. m^<D'<-xwM^ set. a 

yh' 1 7 8,, 1 7 8 4 , &tfayKi 7 8 5 , 1 7 8 6 £lc«fcoT\ -tti^ft^l 

iJz7l>3-^9 5,~9 5 6 Oili7]li±M®Se5 0 iCtt^StX^cb Z> IZ 
U-DTteV. Cftb^U-JXVil-^g 5,~9 5 6 <PiiJ*llCg^mT, 31 1 

9 4,-1 94,^ i»J^g50lC«fcU, 7f-y{SiWSI5 
2£ttUTftJ®3n5«fce>ICfcoT^£ (01 7#J8D, 

0 9(C^Us BflESH&ft** P U2, *®FD±lCffi^3ft£ 4 1 
4 0 1 4 0CD±gPlc8cM5ftfcl»Jg:L-y M 4 2 «IU 

$1 4 4ICfitf#$ttT^€>. 

uT±7i^e>jf A^nrtN-s. &mnt**ikp Lommto<Dnm&izit % mmm 
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tfiUTIi, imMm<DtfM* flUtf-f >/<- (Inver ; -yfriVZ 6%, T 
>#>0. 2 5%, S^«(D^^<!:fl!j©7cm^#t/^e,^*<gl!85S^^ 
) jWflO&nTfcU, u©77>yFLGIi. Jft»3t¥* P L €£15£tt 1 4 

a -t s *i £ § t> m M IC g x T $ -5 1 1 \ 5 ? u jA a< * -5 . 

C Klazy hi 4 2|C«fcoT, ftli#>&fltffi£tt1 4 4<IIJ'sfca 

Tii, 3fetti 4 0, «zL~y h 1 4 2Rzsmmmm^ a a ic^t, $f27t 

O^IA7f-yWST©XYlrt0fiIlt 01 1 iC^tlS 3 OOT^ft 
24Wx„ 2 4Wx 2> 2 4 W y £XA lx— tf T^ttv^X A lC<fc -p 

TO. 5-1 nmOtffg&T&aiSn-a^o 

Cn^MlCH^^t, T#ft 2 4 W x , li, flttdtU&ftMttl 4 4 ICS 

6 0°) <IIMU;t;£|6j£>;TOtf-AW 1X1, W I X3$^I/^7->WS 

TOWJi5lC^fi)c$nfc^1 J5^® 1 4 6 alC^UTSBlCii^ttSo 35JJI tf— 
AW I X 1 li, ^^^P L(^)3t$AlC[S]^oT!!i^$n^. COU^tf-A 

w i x 1 ic^-r^#^e-A^^$n*@s^Mwi ii, sf^^&p l 

<D(R'J®IC@j££tlT^<5 (H9#RB). ;"Mlf-AWI X 3 It, *77 

st-Aw i x 3ic«^-r<5#s9e-AOT*t$ns^ia^@£^{i, 77 
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=F#It2 4Wx 2 li, Stf§i£88l 4 4(CftyTlf#fiT@££ftTfc 

^bf-AW 1X2, w I x 4 $0i/U7-yWS TC«l:M$nfc^3 
&mW\ 4 6c lC**LTMlc!£#t-f IJWfie-AW I X 2 coftS&tf)®!!® 

«»***P L03ttt±-CSWfte-AW I X 1 O^OjiSiiSli^^S 

0 CCOjl'J^tf— AW I X 2lC^-rS#Rat-AOT^$n^H^llMw2 (i 

^■ClWfie-AW I X 3 0%KOSftA^^tt-r«. COiflJ^tf-AW I X 4 

L GOflJiffilcHjeStlTl**. 

T#ft 2 4 W y ftffi£tt1 4 4lC*UTIf«JBTH«*nTteU 
% ^I/\7f-yW S T 2 j5E8tI9 1 4 6 b ICSfilC Y$4^|p)<D;I'J^ tT-A 
WIYK W I Y 2&mmtZ>o Ctl£<D;I'Jfttf-AW I YK W I Y 2li, 

HUT4**HS5©3ttt*a*. cft&oaHfttf-AW iyi, w i y 2 ic*t/£ 

±i5 3^<D : F#ft2 4 Wx :> 24Wx 2 . 2 4 W y (Dfbl'Jfilli, Xx-'VftJ 

01 7#BS). 77-/Wil5 2Tli. =F#it2 4WyOige-AW I 
Y 1 , W I Y2|CJ:^li■illJfl|(0¥lfe)fiilCS^t^T , 5XA^x-> J WST<DYtt 

*x-vSU8PgS5 2Tli» =F&ft2 4 Wx, (DlfliX 1 Stf^ 
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It 2 4Wx 2 <Dtt;liJflSX 2lCg^UT\ #5fc (3 3) IC<tU» ^IAXf-y 

WST(Z)XttM£gai-f 

X= {(X 1 / | s i n 6 , | ) 

- (X2/| s i nflJ)}/2 - (3 3) 

COl^, |sin0,| = |sin0 2 |=sin0 (hfcttSCOT, 
X= (X 1 -X 2) / (2 s i n 0) - (33') 

7-yWgl5 2T(i. BftB*ICIiT2Mt2 4 Wx„ 24Wx 2 ^«)t 
¥3RP L05tl4lC(S]ltT^$nSMt'-AW I XI, W I X 2 IC «fc «5 it II'J 
fit£fflUT* ±xt (33') (CcfcU ^XA^x-vWSTCTJX&gfcgaiU 
77-f^>hl^lC{i : F^tt2 4Wx„ 24Wx J ^f»77'f^>hmAL 

G<Dfe&+ l blzfaiiTmMt<tizm&£-AVJ 1X3. W I X 4 \z «fc<5tt;IHI 

£/IJOT> ±3EC (3 3') i:<fc^IA7T-vWST©Xttii$IlUt§cl; 

ccD<fc?lcUTgtt$ti<59x/\xx-S>ws T©X. Y, 0z£|SjC9&g 
1f«li, 7j-y»Ml5 2^eU7;U^^AT^i^^g5 OlCilfcDSn 

® <h cd a s <tj ffi is i z e a -r s o *> i0 § 7 y *® m z m ta -r s c <t # m * u i \. 

jl'J^lf-AW I XI, WIX2, I Y 1 (XliW I Y 2) 0T 

T0XYtt«m«*miiE'r*c:<!:jG«a*u\. 
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» 

s ?p t - * is f m # is ( t e> n x t> * , 

±(ci£{7e>nfc-*ttf)a&ii8fltti 4 8 a, 1 48Bt, cneosHig&tti 4 

8 A. 1 4 8 BlC<fcoTlf^7K¥IC^$tl^7X¥<g1 5 0<fcj&»&rt*nJB7 

L/-A1 5 2±iciS:S;*ft-a\<5o soldi, (i£**g|*fcp/r£ffstt 

£2©/t7U;uu>*tl88ii 3 4ii. ftMLfcSM o/i^ujuu>*8HSf 1 

1 3 4ii, nr^u-Ai 5 2©±icKM$n, t^WfcmETkTOi so© 

^□<hl5M^5^P^fi!c3tlAc¥®^iEAft^(D^2<7)^-^Ml 5 
4t, S^2<D^-^BP«1 5 4tl/^^f"^R ST £Zffiffi0O.=.rf 

-Vi\,*J b4> hfc-fcft-ehrt UTS^t* 6 *<Z>#ttqN)g&& 2 OP y K 1 
7 9,- 1 7 9 6 <!:, h* IC^Iteft^iS&SS 2 ©P y K*{*ffi251* 

53fS2 0{$i8Hj|8!l 9 5,- 1 9 5 6 (0 9 T 1*0 01 7 #83) 
LTIn^o £20PyKl 7 9,- 1 7 9 6 <t:L/Tli, fllEEU/l:^ 1 <7)P >;/ K 7 
8, £E1§©fi$<Dfc©#^e>tl* m2(Of$Si«imi 9 5,- 1 9 5 6 tUT 

I*. )i9S£Lfc£l 0#«B««j9 4, tmm<omi3L<Dt><otfm^e>tix^Zo 15 

2 0P7H1 79,-1 7 9 6 o-5-n-enic«, ^n-rtiom 2 o#n«i«i 1 9 

5,-19 5,*«j«"r«->ir7h^-^©«ffii=y homm+o.-y Mcfct 

■T^^Sl«^^ai-r'5^-;U^ : f-^ffltN^:'jr.7X>P-y9 5 7 ~9 5 „ & 

•j -7i>3-^9 5,-9 5 ^ a) ta^it±uu^m 5 o icGmsns j; e> 

iCfcoTfcU, cne>OU-7X>P-^9 5 7 - 9 5, 2 oaj^ics^tNT. 
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us 2 (Dimmm i 9 5 ,~ 1 9 5 6 zmmmw 5 0 ic«t y , xt- yj&ijisig 

®5 2£ttUT$iJSP$nS<fc?lCfct>TlN<5 (01 7#JS1), 

¥*£1 5 0lC@£$ftfc 3 O<0^sf2 4RX|, 2 4Rx,, 2 4 R y (fIL 

, mgicfctxTlilKSIIffliJO^H-z 4 R yli^tt-f, 01 7 #88) lcJ:o 

T&f^^P L<3f£^<3fJiSlC@££nfc@£iliM r,. Mr, Mr 3 ({!U 
, SfiMMJOSSgiM r 3 |*0^t>--f) l/T, 0<J;ttfO. 5-1 n m 

24Rx !t 2 4 R yOft;IiJfSlC8^t\T, i$ <h PI & IC L T , XT-iSMM 

©uusnfcw^T-yRSTox, y % 0 z^iaxaftintaii. xf- 

$ S3t L TBUMMWa IC «fc y "7 - * & ft £ 9 ^fC7 5 "f * > h -fe > 
3 2 1 0 3 O^^S^CniC^-r^^S^flF^S, 7 2 1, 6 0 5§/j:i' 

<Dtt;liJ0(i, ±W»M5 0lc«»*ti«J:aic«:^W* (01 7#RS) 0 

2^i6i^e>^uT^i s --7-^^e,^-r«i3i»T^i5i±^ : F^$it. 

^^OffiffilcS^tNTte^T-^OfiM^^ai-r^L I A (Laser 
Interferometric Alignment ) *SC07 5-f> > h-fe>^i*$fflOT"fe^^ 

o 
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MIC. &t*ft^&P LOffliJElCli, 7*-*l7-fe>-y-7 3 (73a. 73b 
2lc#$g$ti£<fc?|CJ5:oTfcy, TxT— v^JffllggS 2Tli, C<D7*-a 

7x"tl>+f7 3 iCg^T, Ig^^P LIC«-r<5^XAWOZ, 0x 

> 0 y#|fi]tf)*a*tftg, mftMlcii. £x/\waE0iftIE&tti$i£f*}<0Z{&g 
(x7*-^7s») &tf0xls]$K (tfy^^fi) &Zt8 y®m (n-*)>? 

m>?ftm&m\*s ±®®&W.5 0IC'J7;i>*>f ATilftlSnS, 

■T5U5 L ^;l/R05/t^->®©ZfiM^t^aj-r*±IE7^-*7-b>-y-7 3 £ 
m®<D&&m£MW&&m^tiL%-7 ^ 7 3 (01 7#RS) # 
L/^^;U7>x-vR S TOjfi^lCiftlte>nTfcy, C©7*-*7t>1t1 7 
Z<Dft*\t, 7x-v*J©gg5 2|C^$g$tl* < fce>t/d:t)Tfcy, 7nX-v 
f&J®gS5 2TI2> C(07*-^7t>-y-1 7 3 OftrtlCg^OT, &f*tt*j* 

?-*;i/RCD/1*->®(DZftg (x7*-rt7M) StfexUlSS (e^/5=->^ 

ft£SBlft?-3iBij]&lCfc[*3 6 Sag^A (X, Y, Z, fix, 0y, 9z) 

±WttTt. mmftSts @SffiiJSP«RM1SOTil<|iJSUttRM2^#*, 
H±BI5WT(0 6^A ( ( i = 1 ~6) tmmWSVG&Bt ( i = 1 ~6) t 

Z&XimtJtfetan y H R d, o=i~6) tzmmtZo 6.*, a, 
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(i=1~6) lil^-¥®±lC^y, -5-ne>O«f/C^H^0<!:L, 6£A,£ 

b, (i = i~6) iip)-^®±ic*y, -ene>of /Cv^n.^Piu, 6*b, 

. fcPy HRD, «»PyKRD l ©prttffl!j»ttRM2««j«A l tjftB, 

<k*IS^II»lc»-3T»«it-*C<!:lcJ:-3T^r*f±li*<!:«:t>Tt\a. 

*Hffl5^^Tli, 01 2 0ffitt3fclC*3HT, X, Y, Z, 9x, fly, flz 

T&fofc, tttt»#S©6 SdaS^lfiJX, Y. Z, 9x, fly. ezizmt 

• (X, Y, Z, flx. fly, flz) (dX/dt, d Y 
/dt, dZ/dt, dflx/dt, dfiy/dt, dflz/dt) ©ISi 

• SI»R£tf3 0 6 &tfUtt&8 3 O 4©*0Wfc£UTIME3n*£ 
itlc, )9raottfl • $ft®1Mft)®fc&0>2Hlig£ (d J X/dt ! , d ! Y/dt 
2 . d*Z/d t 2 , d 2 fl x/d t 2 , d 2 fl y/d t\ d 2 fl z/d t 2 ) OtiJttlffl 

K£fll. iSSttSff 3 0 4 OjlglftSfii, Stftefi • «^l8:SgU3 0 6<3&g 

• 'gmnmrnit* mm^mm3 o sica^u, tua!Ufc3ee&goii^«i: 

fc 3 aafi<0J©£<»: little LT* ttlMM*S®6 a*S*lp)0ttfi • g*(DIE 
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±#JftlgM5 OTI*. «fl*tf» miO#$S«l«l1 9 4,- 1 9 4 6 ^UTi 
lOPyKl 7 8,-1 7 8 t ftfflffi$JttU RQ y K 1 7 8,- 1 7 8 6 ftl3l 

«c&fc«J:U, OiA^f-^ws TftiEBlL 1 lR^?a*X|»a■ 
fillC*»^tt«C£J&^T*.B. cn<hfs]^lCUT> MlO#m«1 9 4,- 

1 9 4,^HJBlOPy M 7 8,- 1 7 8 l €UttW1M* i r*C&ICJ: 

£1ts £®m'£W5 OTI*, fflJ^tf, miO#tlM«|1 9 4,-1 9 4 e fttt 
LT^1 OP*;Kl 7 8,- 1 7 8,ftftl8$J&U SEP y K 1 7 8,- 1 7 8 6 
ft0 1 4^lcll®T^Sn*«^e>«S^-C^$n<5«9i(C^b$ti-^C<!: 
(CfcU, ^X/\^jr-^WSTftZH*fl±*ICBIiL 2£W£ftS1t*C£ 
#T£3 0 £*3s HPSIICIi, Zl4^|S](D^iftX KP-^li, mxifl 0 0 tim 

±»J»Sil5 0T(*. flJAtf, KIOMIII 9 4,- 1 9 4 6 ft^ 
UTSM ©P5/ K 1 7 8,- 1 7 8,ftftfB{ElJgU MP 7 K 1 7 8,-1 7 8 6 

CfcU. ^XA^x-vWSTft-toB^ftii^YtiliEiy Cfik/Jxftg*, 
0li$1t<5C:i:^T#, cniCckU !)IA77- ^WST©fl y0i£ (Q-'J 

©si&tfnmifc*. cniis]«ncuT. m^oimmm^ 94,- 

1 9 4 6 ftfl*LT£l <OUy HI 7 8,- 1 7 8 6 ftill!<*iffi$tj®f <5 C <!: lC<k 
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tut. sramsoTi*. mz.iz. mioim&mi 9 4,~i 94,^ 

UT^10P>>K1 7 8,- 1 7 8 6 £#ffiSiJi»U ^Pyh'1 7 8,-1 78 6 
IC cfc iJ , £ X A * t- - V W S T £ (0 «/C> £ ii 5 Z 14 13 y IC SJ/jNft g * , « (7 

COcte>IC, ^HJffiMTIi. ^1 <0/t^L/;U'J>^«Smi 3 2IC«fcy» 9 

±K£R«fc, iftiJ^SgSOTIi, ^2 0#HI«ltl1 9 5,-1 95,^ 
\^X^2<O/^U)V^>0WMy 3 4(D6*©^2(OPyM 7 9,-1 7 9 6 

So 

±at(0«t^[CLT^IfiJc$n/i:*ll«i^filOil^g1 3 0(Cfcl73g 
ft*0»fls*» 01 7 ^$#89^X^1-^0 

G$fflUAc^X/\W(^77«<>77W^>h (EGA (X>A>* h • tfU- 

A';U '77^^>h) H) tf&TU 9XAW±<Dig&0->3 y h*$®tf)@E?iJ 
^^4&e>nS. ^-S^il^ll^CD^XA^x-vWST^iftli, ±x£. 
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<D®W)i%mzmm ux. i^igi 5 0 icct u s^mm 5 2 £^ ut 
m 1 <D/t7\s)uv>*mmi s2&mmtz&i<Dtommmi 94,-1 9 4 6 

IBSftSW^f-^RSTOX, Y, 6 2 ^[6]<7)firSW«lCS^OT± 

*&«ti 3 4««i«-r<&ffi2a}#««imi 95,-1 9 5,i;:*iLflixEi/fcfiHi 

*J»*fftV *2©P»K1 7 9,- 1 7 9 5 €fWJHL/TU^^7-y 

rst££|&u i'?^;UR£Y;fr|6]<D£gp£te£(c:ia:j£'t<5. fifcc* 

SPH§5 OTNi, 77-y*J8lgI5 2#&iJ7;U*-f AT0U&Sft*£x/\ 
fflUT, £*M*8B5 2£ftUT$&1 ©A^UJU'J >*WR1 3 2£$ 

i oft*** 1 94,-1 9 4 6 izm,itomLtziiLW$mzm\ &y 

(0P7K 1 7 8,- 1 7 8,*#*Mai/-C$X/\*y- -VWSTtiiU •> 
XAW±0*tfS*-* 1 0©*>3 y h*«€:Y^|pl03£3iH*&iSilcttJt-r*. 

^n§W^77-^RST, 9l/U7-^WSTOX, Y» 0z#|S] 
©ffi«««lC»^^T±»©W»ai31ftfl!fflUT» *1, * 2 ©/t 7 u > 
^IHil 3 2, 13 4**0»UT. l/f^^7-^RSTiC;i/\77-^ 

«M» 1 3 2 , 13 4 «ft-em»j«r 5£ 6 *<Dm 1CP*;M 78, £ 2 
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;*IC, 7sT-is$mm&5 2Tli, £#J8!g©5 0 #&0fi7*(CJ&i;9XA 

T <h mii IrJ IC 9 XA*x- i> W S T £ )V7,T- v R S T t £ ^2 L T, 

±IStf>£3Btt*lC, ±&J®gg5 OTIS, 7f- £?mi8B5 2fr*>V7 

*<DBft«tfa*l!tl=«I&&¥JRP LOBjftBBOlfiHrtlC^a 
tSi^Cl/Uf-yWSTOZ, 0 y£g{iiU -£-<P&B • &ft 

*©aDj8«ic»^oT*T-5>MWSB5 2iz£tj/t7i/;uu>*fMii 3 2 

1 0#*HM|1 9 4,-1 g^tfdastu »1CPyH1 78 
,~1 7 8 s tfiWmUm^HXs l )I/\^7-yW S T0Z, 9x, 9y©3g 

Z<D£?IZLT, JSHB3t¥3RP Lt^XAW (^IA7f-yWST) £ 

®£B5 2^e>U7;U^-fA-Cji»J$n<5U^^x-^R S TtfH&B • & 
^O^aJlf$BlCS^^, W;^f-/RST0Z ( Ox, 0y£WiiiU 

^(DUlM • *fc»OJBiS«**aiUT^^—>»l»KB5 2 

o *0M«IC»-3OT*x-5>i!«»B5 2lC«tiJ/t7l/;UU>^««|1 3 
4£tg/£-f£SfS2 0{*iSi«St?i1 9 5,- 1 9 5 6 #ftJ®<*n, S2©PyHl 7 
9,- 1 7 9 6 ##ffiftJffi]<*ttT, W^7->/WST©Z, fix, fly© 
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3 • sSI*#X, Y. fi z£fl<Dttg<h|5jB#|CftJ$$tl£. t 

#36 4 f -5 <Z> tfito m W ic *P ftj £ ti * <fc 5 ic ? T i\ 5 . 

*«S«|1 3 2^«|figt^1 <0f*ffi«lfll1 9 4,- 1 9 4 6 lC<fcymi^P^K 
1 7 8,-1 7 8 6 ^l43lL/T#*S$-li--5CtlCj;y. "JlA^f-yW ST© 

-yWST$SlOyt7U;MJ>^i«1 3 2 lCctyiBi*"r*<7)T. SXA* 
X - v W S T £ gg$) t % U - 7 ^ - * HOlBift^M^ 2 x - >> W S T £ 

3m-f$*x- c?x/\^-^ssg) mtf^mttzZo 9xa 

#H«fcff*fitf)g7tg§ 1 3 0ICJ:<5<t:, ±fljftlgg5 0 [CcfcU 
yM^§5 2£frLTflJ®3tt5S(5 2<fl/l7U'JU'J 3 4*^IWfc■^■ 

*S 2 ®#fMM1 1 9 5,- 1 9 5 $ lCJ;y £ 2£>P 7 K 1 7 9,- 1 7 9 6 £& 

y» z, fix, fiy. fiz^isj) ottis • ig»*jso, »f^i*ttfi<» js^wtt 

;HJ>*$*I1 3 4ICcfcyigKl-r§OT, l/f^iWr-^R ST£SBiJ)-t* 
ICZ • x^KIBi&&*atl£ia:l7<5&gt>£<, fO^W^f-yRST 
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g/t. ^mmmmomtftmm 1 3 0 Tit tt»ft*jRPL# % s&m (1 

4 0, 1 4 2, 1 4 4) \Z&?T&mft&W\ 3 0 #i&g<*n5*® F D±T 

mm '&m$mz?iz> ciic^y, emwe. ^i/ut-^wst c?xa 

W) Otft»)ti)fi5RPL|cW-r4 6ift«^|SiI<D«»tt«0«»» 

fl§1 4 4XlifilB3fc¥JRP LlzS^&Snfc^XAl/— »fT*W->^xA ( 

24Wx,, 2 4Wx !( 2 4 Wy ) &^7^--*^-fe>-y-7 3 lCj:t3T, 

miOf*tS««1 9 4,-1 9 4 e , &tfft20#fl| 
0MH 9 5,-1 9 5 6 lt «5lZffi?iJlCEM$n^X7*> l J>y<!:->1'7 

<h £ Wf -5 Ztfr*. X7'>V >?<D£KM®\Z ck y 9 l/\7f- v W S 
TS^I/f^^j-yR ST£ffl<*£<SBKrf£<i: H^- 

*P L<!iO«Wtt«<Dll**>i»IHIIciE«lcff5Ct*«flriilc«:*. 

7 8,- 1 7 8 6> ^20PyKl 79,- 1 7 9 6 (i. 7 K^-^OpIS)^ 
*HS*l=»LT*M8»-C£ft*-*x7/ty K**UTH*C£fr&. Sf5 1 <B 

□ y H 1 7 8,-1 7 8,» S2©ny HI 7 9,- 1 7 9, OflMMHWMMie 

fflt^TM«-r*BO*«IBJ«#i:«:*«»*ia»«Ci:««r#, cnic^y 
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-mmmmtio 2./\xv— ^wsTs^w^f-/R st<ds gag* 

*H«§fl*fi<Dgftgg 1 3 0 T(t ifti£U£351 <Dni&BM£®mz 

^7 h^-^^^n-en^tivt^wu'j^^^n 32, 1 34-ci*, /hgi- 

o 

Zm6*UZ'iiv££$>\Zs *>*7 [* : E-'$>Zm^Tm®)<D%mZ'a : 5<t: : 5\Zt% 
C<!:#T£S. C <D J: slcf ffi7sx-vWST\ RST©'M<it>- 

£ c z m m z v\ m t s z\ t m i z & * 0 

±$ij^gM5 oTii. m, £2<m*8i$t§£^ftem$t/a-t<5x7 

7xj£883 8, 2 iC^DSig^^^^-r'SCi^T 
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which is supported on the parallel link mechanism, by utilizing the advantages of the 
parallel link mechanism, carry out an attitude control operation with excellent 
performance characteristics, a high rigidity and a high accuracy, and reliably prevent 
the transmission of vibrations between the reticule surface plate (12) and wafer 
surface plate (38) and other portions, for example, a projection optical system (PL), 
this enabling a fine pattern formed on the reticule (R); to be transferred to an upper 
surface of the wafer (W) with a high accuracy. 
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Specification 

PARALLEL LINK MECHANISM, EXPOSURE SYSTEM AND METHOD OF 
MANUFACTURING THE SAME, AND METHOD OF MANUFACTURING 

DEVICES 

Technical Field 

The present invention relates to a parallel link mechanism, an exposure apparatus 
and its making method, and a method of manufacturing a device and, more specifically, 
to a parallel link mechanism, a kind of mechanism, to employ at least three expandable 
rods and control the position/attitude of a movable object, an exposure apparatus 
employing the parallel link mechanism to control the attitude of at least one of a mask 
and a substrate and its making method, and a method of manufacturing a micro device 
(electronic device) by using the exposure apparatus. 

Background Art 

In a lithography process for manufacturing a semiconductor element, liquid 
crystal display element, or the like, an exposure apparatus has been used. A reduction 
projection exposure apparatus (stepper), of a step-and-repeat method, which transfers a 
pattern formed on a mask or reticle (to be generically referred to as a "reticle" hereinafter) 
through a projection optical system onto a plurality of shot areas on a substrate such as a 
wafer or glass plate (to be referred to as a "wafer" hereinafter) in turn, and a moving-one- 
by-one type projection exposure apparatus (to be referred to as a "stepper" hereinafter as 
needed) such as a scanning projection exposure apparatus (scanning-stepper), of a step- 
and-scan method, which is obtained by improving the reduction projection exposure 
apparatus are mainly employed. 

Important ones of the basic factors to determine the performance of the stepper 
are the resolution ability (resolution) and focus depth of the projection optical system 
(projection lens). It is because the resolution determines the finest pattern size that can be 
projected and imaged, i.e. the narrowest line width in practice (device rule). Also, its 
focus depth has to be as wide as possible because a processed wafer has steps formed 
thereon by forming and etching thin layers of oxide, metal, etc., and may be slightly 
deformed. 

The resolution R and focus depth DOF of a projection lens is given by the 
following two equations as a general measure: 
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R=klA7N.A. ...(1) 
DOF=k2?7(N>A>) 2 ...(2) 

Note that X, N.A. and kl, k2 respectively represent the wavelength of light used 
for exposure, the numerical aperture of the projection optical system, and parameters 
determined by resist, etc. 

An early stepper used a g-line (k=436 nm) of an ultra-high pressure mercury lamp 
as exposure illumination light; its N.A. was about 0.3, and its resolution was about 1.2 
Urn. As obvious in the above equation (1), the larger the N.A. is, the better the resolution 
is. With a larger N. A., however, the focus depth is decreased as obvious in the above 
equation (2). 

Therefore, apparatuses for production of 16 Mbit DRAM and apparatuses for the 
later have achieved high resolution by using i-line (^=365 nm) and a projection optical 
system of which N.A. is about 0.5, and also have achieved a practical focus depth. 
Because the i-line can be obtained from an ultra-high pressure mercury lamp like the g- 
line and can be used in the same way as earlier steppers in semiconductor manufacturing 
factories, the i-line steppers have been introduced as a production unit more smoothly 
than expected. 

After that, in the period from the third generation of 64 Mbit DRAM to 245 Mbit 
DRAM where their device rules are equal to or less than 0.3 nm, instead of the mercury 
lamp as a light source, the use of KrF excimer laser was examined, and the application of 
a phase shift reticle and modified illumination that can be applied by improving then 
current units was suggested. 

While a KrF excimer laser (A=248 nm) stepper uses a common basic body with a 
previous stepper using g-line or i-line, its optical system from the source to the projection 
optical system is different. That is, because using light of a shorter wavelength, usable 
optical materials are limited to quartz, fluorite, etc. In addition, because excimer laser 
light is pulse emission light and coherent unlike that of a mercury lamp, a special 
technology for the illumination system is necessary. 

Because interference fringe induced by the coherency of the excimer laser affects 
the precision of line width of an exposure pattern, it is necessary to suppress the effects of 
the interference fringe by providing a vibrating mirror in the illumination optical system 
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and making a light beam fluctuate finely. In a stepper with a lamp as its light source, 
accumulated exposure amount can be controlled by the open/close time of its shutter. 
Meanwhile, in a laser-light-source stepper using pulse emission, it is necessary to set the 
number of pulses per an exposure to be equal to or more than a certain number (referred 
to as a minimum exposure-pulse number) to compensate for energy fluctuation. 

For 1 Gbit DRAM of the future where device rules will be equal to or less than 
0.2 jam, the use of ArF excimer laser (X=193 nm), phase shift reticle and modified 
illumination technology is suggested. An ArF excimer laser stepper needs to have the 
optical path of its exposure light filled with nitrogen or the like because the exposure light 
is absorbed by oxygen. 

To obtain even higher resolution and wider focus depth, light source of a shorter 
wavelength can be used leaving N.A. of the projection optical system as it is. Recently, 
reduction projection lithography using F 2 (X=157 nm) laser having a shorter wavelength 
than ArF excimer laser as its light source is presented by MIT Lincoln Lab., and is 
attracting a lot of attention. Because F 2 laser light is absorbed by oxygen like ArF 
excimer laser light, exposure needs to be performed in the atmosphere of N 2 or He. 

Furthermore, to improve the precision of an exposure apparatus using light source 
of such a short wavelength, the precision of positioning of a reticle stage and wafer stage 
needs to be improved, and it is also necessary to suppress vibrations of units due to 
reaction caused by the drive of the stages as movable objects as much as possible and 
insulate floor vibrations. 

Therefore, to realize highly precise exposure using such a short-wavelength light 
source as F 2 laser, it is necessary to control positioning, and suppressing or insulating 
vibrations more precisely than ever. 

For example, as factors required of a scanning stepper that transfers the reticle 
pattern onto a plurality of shot areas on the wafer in turn according to a step-and-scan 
method by repeating a scanning exposure operation, in which a reticle pattern is 
transferred onto the wafer synchronously moving the reticle stage holding the reticle and 
the wafer stage holding the wafer in one dimensional direction, and a stepping-between- 
shots operation of the wafer stage, there are the following things: [1] The driving 
reactions of the stages do not transmit to the frame supporting the projection optical 
system; [2] It is easy to adjust relative position and attitude between each of the stages 
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and the projection optical system; [3] The driving thrust and driving reaction are reduced 
by making the stages lightweight; [4] It is so structured that floor vibrations are prevented 
from transmitting to the stages and the projection optical system; [5] It is so structured 
that the stages and the projection optical system can be easily separated. [1] to [4] are 
required to realize precise exposure of a fine pattern, and [5] is required to improve 
easiness of its maintenance and reduce its down-time so that the productivity of a micro 
device is improved. 

Also, there is a double wafer-stage scheme for realizing the high throughput 
where two wafer stages are mounted on the level block; while a wafer stage is performing 
exposure, the other performs alignment or the like and the two operations are alternately 
and continuously performed. Furthermore, a multi-exposure method such as a double 
exposure method where using two reticle stages each holding a reticle having a pattern 
different from the other formed thereon, those patterns are transferred in turn is effective 
for higher integration of semiconductor devices because it is possible to improve the 
resolution and focus depth. Note that to achieve a desirable effect in the double wafer- 
stage scheme and the multi-exposure method, the above factors [1] to [4] have to be 
satisfied as a premise, and that it is preferable to satisfy the above factor [5]. 

In addition, when performing exposure using light of a wave length shorter than 
or equal to F 2 laser light, [6] it is required that the stages, the projection optical system, 
and the like should be contained by a chamber so as to be enclosed in the atmosphere of 
N2 or He. 

Also, in a step-and-repeat type stepper, it is preferable to satisfy the above factors 
[1] to [6], not to mention. 

Of the above factors [1] to [6], the factor [3] can be satisfied by adopting a planar 
motor or a cylinder-like linear motor as driving sources of the stages. Especially, when 
adopting the planar motor as a driving source of the wafer stage, the planar motor can 
drive the movable object in three degrees of freedom X, Y, 9z by one motor, and 
therefore, X guide and Y guide of X-Y two dimensional arrangement that were 
previously indispensable are unnecessary. Also, when driving the stage holding the 
wafer in one direction of X-axis and Y-axis directions, a motor and a guide for driving 
the stage in the other direction need not be driven along with the stage, and therefore, the 
weight of the movable portion can be remarkably reduced. Therefore, it is attracting a lot 
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of attention as a promising driving source of the wafer stage of an exposure apparatus in 
the future. 

However, it is very difficult to satisfy the rest, [1], [2], [4], [5], [6], at the same 
time even if the planar motor is adopted as a driving source of the stage. 

Meanwhile, as means of moving the movable portion in the six degrees of 
freedom regarding translation and rotation, a mechanism referred to as a steward- 
platform, a kind of parallel mechanism (also referred to as a parallel link mechanism) 
where a base portion and end-effecter are connected by a plurality of link chains each 
having more than two joints, is used in training and simulation of flying an air plane, and 
is attracting attention in the field of industrial robots. 

The present invention is invented under such a circumstance and a first purpose of 
the present invention is to provide a parallel link mechanism that can realize the 
miniaturization/lightening and the improvement of the output at the same time. 

Furthermore, a second purpose of the present invention is to provide an exposure 
apparatus that can precisely transfer a fine pattern onto a substrate and a method of 
making the exposure apparatus. 

In addition, a third purpose of the present invention is to provide a method of 
manufacturing a highly integrated micro-device with high productivity. 

Disclosure of the Invention 

Under the above circumstance, the inventors of the present invention have 
conducted studies to realize such an exposure apparatus as satisfies as many of the above 
factors ([1] to [6] as possible at the same time regardless of whether a planar motor is 
adopted as a stage driving source or not. Also, as a result, they have reached a conclusion 
that the objective can be achieved by leaving out a body (central column) that has been 
used in the previous exposure apparatuses, supporting respectively the reticle stage, the 
wafer stage, etc., to be dependent, and making it possible to control their 
positions/attitudes in six degrees of freedom to meet any requirement. With such a 
conclusion and further studies, they have thought of applying the above mechanism to the 
exposure apparatuses. 
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Then by elaborately examining the parallel mechanism (hereafter, referred to as a 
"parallel link mechanism"), it is found that although it can satisfy most of the factors, 
which the inventors intend, such as the movable portion being lightweight and having 
desirable operational-characteristics, high rigidity, and precision of positioning, there are 
some points to be improved because an oil cylinder is used as an active contrapostion in a 
steward-platform, representative of parallel mechanisms. 

According to the first aspect of the present invention, there is provided a parallel 
link mechanism comprising a base member; at least three expandable rods each including 
a first axis member and a second axis member that can relatively move in their axis 
direction; expansion mechanisms that are arranged in the respective rods and 
expand/contract the respective rods each by relatively driving the first axis member and 
the second axis member in the axis direction, each of which comprises a shaft motor that 
comprises a cylindrical mover integrally arranged in one of the first axis member and the 
second axis member, and a columnar stator integrally arranged in the other of the first 
axis member and the second axis member, and that relatively drives the first axis member 
and the second axis member in the axis direction by using thrust generated by 
electromagnetic interaction between the first axis member and the second axis member. 

With this shaft motor, because a columnar or cylindrical magnet is used in its 
mover side or stator side, magnetic flux (magnetic field) is generated radially and in all 
directions, and the exposure apparatus can have the whole magnetic flux in all directions 
contribute to the generation of a driving force by an electromagnetic or magnetic 
interaction. Also, then much larger thrust can be generated compared with an usual linear 
motor, etc. and it is possible to make it smaller than a hydraulic cylinder, etc. In this 
case, either stator can be used, a hollow column or a solid column. 

Therefore, by using the parallel link mechanism according to the present 
invention that comprises expansion mechanisms that are arranged in the respective rods 
and each comprise the shaft motor, which comprises a cylindrical mover integrally 
arranged in one of the first axis member and the second axis member, and a columnar 
stator integrally arranged in the other of the first axis member and the second axis 
member, and relatively drives the first axis member and the second axis member in the 
axis direction by using thrust generated by electromagnetic interaction between the first 
axis member and the second axis member, the miniaturization and lightening, and the 
improvement of the output can be realized at the same time. The parallel link mechanism 
according to the present invention is preferably applied to exposure apparatuses. 
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In the parallel link mechanism according to the present invention, the expansion 
mechanism can comprise an air cylinder arranged in parallel or in series with the shaft 
motor. In such a case, the movable body can be driven coarsely and by larger distances 
by controlling the air pressure of the air cylinder, and also finely by the shaft motor. 
Also, in this case, it is possible to use the air cylinder to expand/contract each rod for 
controlling the position/attitude of the movable body, to use the shaft motor to suppress 
vibrations, and to use the air cylinder for suppressing low-frequency vibrations and the 
shaft motor for insulating high-frequency vibrations. 

According to the second aspect of the present invention, there is provided an 
exposure apparatus, which transfers a predetermined pattern onto a substrate, comprising 
a exposure main portion for transferring the pattern; and a parallel link mechanism that 
supports at least a part of the exposure main portion in such a way that its attitude is 
controllable. 

By using this, because a part of the exposure main portion that transfers a 
predetermined pattern onto a substrate is supported by the parallel link mechanism in 
such a way that its attitude is controllable, the part of the exposure main portion 
supported by the parallel link mechanism can be made lightweight by using the 
advantages of the parallel link mechanism and its attitude can be precisely controlled with 
desirable operational-characteristics and high rigidity. In addition, because the part of the 
exposure main portion can be supported to be independent of other portions by the 
parallel link mechanism, the transmission of vibrations, etc., can be prevented. 
Especially, in a case where a movable portion of a substrate stage or the like composing 
the exposure main portion is supported by the parallel link mechanism, such effects to 
others as vibrations due to the drive of the movable portion can be reduced. Therefore, 
by using the exposure main portion according to the present invention, a fine pattern can 
be precisely transferred onto a substrate. 

In an exposure apparatus according to the present invention, the exposure main 
portion comprises a substrate stage to hold the substrate and it is possible to have the 
parallel link mechanism control the position/attitude in at least three degrees of freedom 
of the substrate stage. In such a case, because the parallel link mechanism controls the 
position/attitude in at least three degrees of freedom of the substrate stage, the substrate 
stage driven by the parallel link mechanism can be made lightweight and the 
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position/attitude in at least three degrees of freedom of the substrate can be precisely 
controlled with desirable operational-characteristics and high rigidity. 

In this case, the parallel link mechanism may comprise a first base member, at 
least three expandable first rods that link the first base member and the substrate stage, 
and first expansion mechanisms that are arranged in the respective first rods and 
expand/contract the respective first rods. In such a case, by expanding and contracting 
the respective rods by the first expansion mechanisms that are arranged in the respective 
first rods, the position/attitude, in at least three degrees of freedom (e.g. X, Y, 0z), of the 
substrate stage can be precisely controlled with desirable operational-characteristics and 
high rigidity. In this case, because the substrate stage is driven by the parallel link 
mechanism, such a driver to drive the substrate stage as a linear motor, a stage base 
(wafer base level block) to support the wafer stage, and the like are unnecessary. Note 
that for controlling the position/attitude in six degrees of freedom of the substrate, it is 
necessary to provide a driving mechanism (e.g. Z-tilt mechanism), which drives the 
substrate in the other degrees of freedom (e.g. Z, 0x,j6 ), and the like on the substrate 
stage. 

In this case, it is preferable that the parallel link mechanism comprises six of the 
first rods and controls position/attitude, in six degrees of freedom, of the substrate stage 
by expansion/contraction of each first rod. In such a case, because the position/attitude, 
in the six degrees of freedom, of the substrate stage can be controlled by individual 
expansions/contractions of the six first rods of the parallel link mechanism, the above Z- 
tilt mechanism, etc., are unnecessary and therefore, it is possible to make the substrate 
stage, as the movable portion, more lightweight. 

In an exposure apparatus according to the present invention, the first expansion 
mechanism may comprise an air cylinder and an electromagnetic linear motor that are 
arranged in parallel or in series with each other. In such a case, the substrate stage can be 
driven coarsely and by larger distances by controlling the air pressure of the air cylinder, 
and also finely by the electromagnetic linear motor, and it is possible to precisely control 
the position/attitude, in at least three degrees of freedom, of the substrate stage for a short 
time. 

In an exposure apparatus according to the present invention, the exposure main 
portion may comprise a projection optical system that projects the pattern onto the 
substrate as well as the substrate stage the position/attitude of which, in at least three 
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degrees of freedom, is controlled by at least three first rods. In this case, by individually 
expanding and contracting the first rods by the respective first expansion mechanisms and 
controlling the position/attitude, in at least three degrees of freedom, of the substrate 
stage, the relative position, in at least three degrees of freedom, between the projection 
optical system and the substrate stage can be precisely adjusted with desirable 
operational-characteristics and high rigidity. 

In this case, the exposure main portion may further comprise a mask stage to hold 
the mask on which the pattern is formed and the parallel link mechanism may control the 
position/attitude in at least three degrees of freedom of the mask stage. In such a case, 
because the parallel link mechanism controls the position/attitude in at least three degrees 
of freedom of the mask stage, the mask stage driven by the parallel link mechanism can 
be made lightweight and the position/attitude in at least three degrees of freedom of the 
mask stage can be precisely controlled with desirable operational-characteristics and high 
rigidity and it is possible to adjust the relative position, in at least three degrees of 
freedom (e.g. X, Y, 0z or Z, 9x, 0y), between the mask stage and the projection optical 
system. 

In this case, the parallel link mechanism may comprise a second base member, at 
least three expandable second rods that link the second base member and the mask stage, 
and second expansion mechanisms that are arranged in the respective second rods and 
expand/contract the respective second rods. In such a case, by expanding and contracting 
the respective rods by the second expansion mechanisms that are arranged in the 
respective second rods, the control of the position/attitude, in at least three degrees of 
freedom (e.g. X, Y, 9z), of the mask stage and the adjustment of the relative position, in 
at least three degrees of freedom (e.g. X, Y, 0z or Z, 0x, 0y), between the mask stage and 
the projection optical system can be precisely performed with desirable operational- 
characteristics and high rigidity. In this case, because the mask stage is driven by the 
parallel link mechanism, such a driver to drive the mask stage as a linear motor, a stage 
base to support the mask stage, and the like are unnecessary. Note that for controlling the 
position/attitude in six degrees of freedom of the mask, it is necessary to provide a 
driving mechanism (e.g. a Z-tilt mechanism or a planar motor) or the like which drives 
the mask in the other degrees of freedom (e.g. Z, 0x, 0y or X,Y, 0z), on the mask stage. 

In this case, it is preferable that the parallel link mechanism comprises six of the 
second rods and controls the position/attitude, in six degrees of freedom, of the mask 
stage by expansion/contraction of each second rod. In such a case, because the 
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position/attitude, in the six degrees of freedom, of the mask stage can be controlled by 
individual expansions/contractions of the six second rods of the parallel link mechanism, 
the above Z-tilt mechanism, planar motor, etc., are unnecessary, and therefore, it is 
possible to make the mask stage, as the movable portion, more lightweight. 

In an exposure apparatus according to the present invention, in a case where the 
parallel link mechanism comprises at least three of the first rods expanded and contracted 
by the first expansion mechanisms to control the position/attitude of the substrate stage 
and at least three of the second rods expanded and contracted by the second expansion 
mechanisms to control the position/attitude of the mask stage, at least one of the first and 
second expansion mechanisms may comprise an air cylinder and an electromagnetic 
linear motor that are arranged in parallel or in series with each other. In such a case, at 
least one of the substrate stage and the mask stage can be driven coarsely and by larger 
distances by controlling the air pressure of the air cylinder, and also finely by the 
electromagnetic linear motor, and it is possible to precisely control the position/attitude, 
in at least three degrees of freedom, of at least one of the substrate stage and the mask 
stage and precisely adjust the relative position of at least one stage with respect to the 
projection optical system for a short time. 

In this case, it is preferable that at least one of the first and second rods further 
comprises a bearing unit to support the mover of the electromagnetic linear motor with 
respect to its stator in a non-contact manner. In such a case, because friction that works 
as a non-linear component upon controlling the expansion/contraction of the rod having 
the bearing unit by the expansion mechanism can be avoided, the position/attitude, in 
three degrees of freedom, of at least one of the wafer stage and the mask stage can be 
more precisely controlled. 

Note that in this case, either of a gas static pressure bearing unit and a magnetic 
bearing unit can be used as the bearing unit. 

When a gas static pressure bearing unit is used as the bearing unit, it is preferable 
that a differential exhaust mechanism is arranged in its neighbor so that a gas supplied to 
the gas static pressure bearing unit does not contaminate the gas purity of the atmosphere 
inside the exposure apparatus. 

In an exposure apparatus according to the present invention, the relative position 
between at least one of both the stages and the projection optical system may be statically 
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adjusted by using the air cylinder, and also a controller to suppress vibrations by using 
the electromagnetic linear motor may be provided. In such a case, it is possible to adjust 
the relative position between at least one of both the stages and the projection optical 
system and suppress vibrations due to expansion/contraction of each rod. 

An exposure apparatus according to the present invention may further comprise a 
controller that insulates high-frequency vibrations by controlling the current of the 
electromagnetic linear motor. In such a case, fine vibrations from the floor surface, high- 
frequency vibrations, can be insulated. 

An exposure apparatus according to the present invention may further comprise a 
supporting mechanism that supports the projection optical system to be in a fixed state on 
the floor surface on which the exposure main portion is mounted. In such a case, by 
having the supporting mechanism support it to be fixed immediately after the initial 
adjustment of the projection optical system to take a desirable position and attitude, the 
relative positions, in at least three degrees of freedom, of both the stages with respect to 
the projection optical system can be adjusted because it is possible to control the 
positions/attitudes, in at least three degrees of freedom, of the substrate stage and the 
mask stage. 

In an exposure apparatus according to the present invention, in a case where the 
parallel link mechanism comprises the first and second base members, at least three of the 
first rods expanded and contracted by the first expansion mechanisms, and at least three 
of the second rods expanded and contracted by the second expansion mechanisms, the 
parallel link mechanism may further comprise a third base member, at least three 
expandable third rods that link the third base member and the projection optical system, 
and third expansion mechanisms that are arranged in the respective third rods and 
expand/contract the respective third rods. In such a case, by individually controlling 
expansion mechanisms arranged in the respective third rods upon the initial adjustment of 
the projection optical system, the initial adjustment can be easily performed. After the 
initial adjustment, by keeping the lengths of the respective third rods by the third 
expansion mechanisms, the projection optical system can be supported and fixed to be in 
a desirable position and attitude. After that, the relative position, in at least three degrees 
of freedom, between each stage and the projection optical system is adjusted by 
controlling the position/attitude of each stage. 
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In this case, the third expansion mechanism may comprise an air cylinder. In 
such a case, the initial adjustment of the position/attitude of the projection optical system 
can be easily performed by adjusting the inside pressure of the air cylinder. 

In an exposure apparatus according to the present invention, the first, second, and 
third base members may each be an individual member, or at least two of the first, 
second, and third base members may be one common member. That is, the first, second, 
and third base members may be one common member, or the first and second base 
members, the second and third base members, or the first and third base members may be 
one common member. 

In an exposure apparatus according to the present invention, it is possible to have 
the exposure main portion comprise a mask stage to hold a mask on which the pattern is 
formed and to make the parallel link mechanism control the relative position, in three 
degrees of freedom, of the mask stage. In such a case, because the parallel link 
mechanism controls the position/attitude, in at least three degrees of freedom, of the mask 
stage, it is possible to make the mask stage driven by the parallel link mechanism 
lightweight and the position/attitude, in at least three degrees of freedom (e.g. X, Y, 0z or 
Z, 0x,)8 ), of the mask stage can be precisely controlled with desirable operational- 
characteristics and high rigidity. Note that when the exposure main portion comprises the 
projection optical system, it is possible to adjust the relative position, in at least three 
degrees of freedom, between the mask stage and the projection optical system. 

In this case, the parallel link mechanism may comprise a base member, at least 
three expandable rods that link the base member and the mask stage, and expansion 
mechanisms that are arranged in the respective second rods and expand/contract the 
respective rods. In such a case, by expanding and contracting the respective rods by the 
expansion mechanisms that are arranged in the respective rods, the control of the 
position/attitude, in at least three degrees of freedom (e.g. X, Y, 0z), of the mask stage 
can be precisely performed with desirable operational-characteristics and high rigidity. 
In this case, because the mask stage is driven by the parallel link mechanism, such a 
driver to drive the mask stage as a linear motor, a stage base to support the mask stage, 
and the like are unnecessary. Note that for controlling the position/attitude in six degrees 
of freedom of the mask, it is necessary to provide a driving mechanism (e.g. a Z-tilt 
mechanism), which drives the mask in the other degrees of freedom (e.g. Z, 8x, 0y), and 
the like on the mask stage. 
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In this case, it is preferable that the parallel link mechanism comprises six of the 
rods and controls the position/attitude, in six degrees of freedom, of the mask stage by 
expansion/contraction of each rod. In such a case, because the position/attitude, in the six 
degrees of freedom, of the mask stage can be controlled by individual 
expansions/contractions of the six rods of the parallel link mechanism, the above Z-tilt 
mechanism, planar motor, etc., are unnecessary, and therefore, it is possible to make the 
mask stage, as the movable portion, more lightweight. 

In an exposure apparatus according to the present invention, it is possible to have 
the exposure main portion comprise a substrate stage to hold the substrate and a stage 
base to support the substrate stage in such a way that the substrate stage is movable, and 
to make the parallel link mechanism control relative position, in three degrees of 
freedom, of the first stage base. In such a case, by controlling the relative position, in 
three degrees of freedom, of the first stage base by the parallel link mechanism, the 
relative position, in three degrees of freedom (e.g. Z, 0x, 6y), of the substrate stage 
supported by the first stage base can be controlled. That is, without the Z-tilt mechanism 
mounted on the substrate stage, it is possible to perform a Z-tilt drive of the substrate, and 
therefore it is possible to make the substrate stage lightweight. In addition, it is possible 
to reduce driving force and driving reaction when driving the substrate stage on the first 
stage base by, e.g., a planar motor. 

In this case, the parallel link mechanism may comprise a first base member, at 
least three expandable first rods that link the first base member and the first stage base, 
and first expansion mechanisms that are arranged in the respective first rods and 
expand/contract the respective first rods. In such a case, by individually expanding and 
contracting the respective first rods by the first expansion mechanisms that are arranged 
in the respective first rods, the position/attitude, in at least three degrees of freedom (e.g. 
Z, 0x,j6 ), of the first stage base is controlled. As a result, the position/attitude, in at 
least three degrees of freedom, of the substrate stage can be precisely adjusted with 
desirable operational-characteristics and high rigidity. 

In this case, the first expansion mechanism may comprise an air cylinder and an 
electromagnetic linear motor that are arranged in parallel or in series with each other. In 
such a case, the first stage base can be driven coarsely and by larger distances by 
controlling the air pressure of the air cylinder, and also finely by the electromagnetic 
linear motor, and as a result, it is possible to precisely control the position/attitude, in 
three degrees of freedom (e.g. Z, 9x,}6 ), of the substrate stage for a short time. 
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In this case, in a case where the parallel link mechanism comprises a first base 
member, at least three expandable first rods that link the first base member and the first 
stage base, and first expansion mechanisms that are arranged in the respective first rods 
and expand/contract the respective first rods, the exposure main portion may further 
comprise the projection optical system that is supported independent from the first stage 
base and projects the pattern onto the substrate. 

In such a case, as mentioned above, by individually expanding and contracting the 
respective first rods by the first expansion mechanisms, the position/attitude, in at least 
three degrees of freedom, of the substrate stage can be precisely controlled via the first 
stage base with desirable operational-characteristics and high rigidity. Therefore, as a 
result, the adjustment of the relative position, in at least three degrees of freedom (e.g. Z, 
0x, 0y), between the projection optical system and the substrate, i.e. focus leveling 
control, can be precisely performed with desirable operational-characteristics and high 
rigidity. By making the substrate stage lightweight, it is possible to reduce driving force 
and driving reaction when driving the substrate stage on the first stage base by, e.g., a 
linear motor, and because the projection optical system is supported independent from the 
first stage base, the reaction to the drive of the substrate stage can be prevented from 
transmitting to the projection optical system. Also, it is easy to separate the substrate 
stage and the projection optical system. 

In this case, the exposure apparatus may further comprise a position detector that 
is fixed on the projection optical system and detects the relative positional relation, in six 
degrees of freedom, between the substrate and the projection optical system. In such a 
case, because, as mentioned above, the reaction to the drive of the substrate stage can be 
prevented from transmitting to the projection optical system, it is possible to precisely 
detect the positional relationship, in six degrees of freedom, between the substrate and the 
projection optical system by the position detector fixed on the projection optical system. 

When its exposure main portion comprises the substrate stage, the first stage base 
to support the substrate stage, and the projection optical system, an exposure apparatus 
according to the present invention may further comprise a supporting mechanism that 
supports the projection optical system to be in a fixed state on the floor surface on which 
the exposure main portion is mounted. In such a case, because the positions/attitudes, in 
three degrees of freedom, of the substrate stage is controllable, by initially adjusting the 
projection optical system to take a desirable position and attitude and having the 
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supporting mechanism support it to be fixed after the initial adjustment, the positional 
relationship, in three degrees of freedom, between the substrate and the projection optical 
system can be adjusted. 

In an exposure apparatus according to the present invention, the exposure main 
portion may comprise a mask stage to hold a mask on which the pattern is formed and a 
second stage base to support the mask stage to be movable as well as the substrate stage, 
the first stage base to support this, and the projection optical system, and the parallel link 
mechanism may also control the position/attitude, in three degrees of freedom, of the 
second stage base. In such a case, the reaction to the drive of the substrate stage can be 
prevented from transmitting to the projection optical system, and by the parallel link 
mechanism controlling the position/attitude, in three degrees of freedom, of the second 
stage base, it is possible to precisely adjust the relative position and attitude, in three 
degrees of freedom (e.g. Z, 0x, By), between the mask and the projection optical system 
with desirable operational-characteristics and high rigidity. That is, without the Z-tilt 
mechanism mounted between the mask stage and the second stage base or on the 
substrate stage, it is possible to perform a focus-leveling of the mask stage by using the 
parallel link mechanism, and therefore, the degradation of the pattern image due to the 
defocus of the mask can be prevented. Especially, when the object side of the projection 
optical system is non-telecentric, the positional deviation of the pattern image and the like 
due to the defocus of the mask can be prevented, too. By making the mask lightweight, it 
is possible to reduce driving force and driving reaction when driving it on the second 
stage base by, e.g., a linear motor and prevent the reaction from transmitting to the 
projection optical system. Also, it is easy to separate the mask stage and the projection 
optical system. 

In the exposure apparatus according to the present invention, in a case where the 
parallel link mechanism controls the relative position, in three degrees of freedom, 
between the mask stage and the projection optical system by controlling the 
position/attitude, in three degrees of freedom, of the second stage base, a position 
detector that is fixed on the projection optical system and detects the relative positional 
relation, in six degrees of freedom, between the mask stage and the projection optical 
system may be arranged. In such a case, because, as mentioned above, the reactions to 
the drives of the substrate stage and mask stage are prevented from transmitting to the 
projection optical system, it is possible to precisely detect the relative positional relation, 
in six degrees of freedom, between the mask stage and the projection optical system by 
the position detector fixed on the projection optical system. 
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In this case, the position detector may be an interferometer and a mirror, for 
detecting relative position in degrees of freedom X, Y, 9z, on which a measurement beam 
from the interferometer is made incident may be arranged on the mask stage, and a 
mirror, for detecting relative position in degrees of freedom Z, 0x, 8y, on which another 
measurement beam from the interferometer is made incident may be fixed on the second 
stage base. 

In this case, in a case where the parallel link mechanism also controls the 
position/attitude, in three degrees of freedom, of the second stage base, the parallel link 
mechanism may comprise a second base member, at least three expandable second rods 
that link the second base member and the second stage base, and second expansion 
mechanisms that are arranged in the respective second rods and expand/contract the 
respective second rods. In such a case, as mentioned above, it is possible to precisely 
adjust the relative position between the substrate and the projection optical system with 
desirable operational-characteristics and high rigidity, and the reaction to the drive of the 
substrate stage can be prevented from transmitting to the projection optical system. In 
addition, by individually expanding and contracting the respective second rods by the 
second expansion mechanisms that are arranged in the respective second rods, the 
position/attitude, in at least three degrees of freedom, of the second stage base is 
controlled. As a result, the relative position, in at least three degrees of freedom (e.g. Z, 
0x, 9y), between the mask and the projection optical system can be precisely adjusted 
with desirable operational-characteristics and high rigidity. By making the substrate 
stage and the mask stage lightweight, it is possible to reduce driving force and driving 
reaction and to structure the substrate stage, the mask stage, and the projection optical 
system such that they can be easily separated. 

In this case, the parallel link mechanism may comprise a third base member, at 
least three expandable third rods that link the third base member and the projection 
optical system, and third expansion mechanisms that are arranged in the respective third 
rods and expand/contract the respective third rods. In such a case, upon the initial 
adjustment of the projection optical system, by individually controlling the expansion 
mechanisms that are arranged in the respective third rods, the initial adjustment can be 
easily performed. After the initial adjustment, by keeping the lengths of the respective 
third rods by the third expansion mechanisms, the projection optical system can be 
supported and fixed to be in a desirable position and attitude. After that, the relative 
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position, in at least three degrees of freedom, between each stage and the projection 
optical system can be adjusted by controlling the position/attitude of each stage. 

In this case, the third expansion mechanism may comprise an air cylinder. In 
such a case, the initial adjustment of the position/attitude of the projection optical system 
can be easily performed by adjusting the inside pressure of the air cylinder. 

In an exposure apparatus according to the present invention, the first, second, and third 
base members, which are respectively connected to the first stage base, the second stage 
base, and the projection optical system respectively via the first, second, and third rods, 
may each be an individual member, or at least two of the first, second, and third base 
members may be one common member. That is, the first, second, and third base 
members may be one common member, or the first and second base members, the second 
and third base members, or the first and third base members may be one common 
member. 

In an exposure apparatus according to the present invention, at least one of the 
first and second expansion mechanisms, which are respectively arranged in the first and 
second rods that respectively link the first and second stage bases with the first and 
second base members, may comprise an air cylinder and an electromagnetic linear motor 
that are arranged in parallel or in series with each other. In such a case, at least one of the 
first and second stage bases can be driven coarsely and by larger distances by controlling 
the air pressure of the air cylinder, and also finely by the electromagnetic linear motor, 
and as a result, it is possible to precisely control the position/attitude, in three degrees of 
freedom (e.g. Z, 8x, 9y), of at least one of the substrate stage and mask stage, and then 
precisely adjust the relative position and attitude, in three degrees of freedom (e.g. Z, 6x, 
0y), of at least one of the substrate and mask with respect to the projection optical system, 
for a short time. That adjustment is a so-called focus-leveling. 

In this case, it is preferable that at least one of the first and second rods further 
comprises a bearing unit that supports the mover of the electromagnetic linear motor with 
respect to its stator in non-contact manner. In such a case, because friction that works as 
a non-linear component upon controlling the expansion/contraction of the rod having the 
bearing unit by the expansion mechanism can be avoided, the position/attitude, in three 
degrees of freedom, of at least one of the wafer stage and the mask stage can be more 
precisely controlled via at least one of the first and second stage bases. 
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Note that in this case, either of a gas static pressure bearing unit and a magnetic 
bearing unit can be used as the bearing unit. 

When a gas static pressure bearing unit is used as the bearing unit, it is preferable 
that a differential exhaust mechanism is arranged in its neighbor so that a gas supplied to 
the gas static pressure bearing unit does not contaminate the gas purity of the atmosphere 
inside the exposure apparatus. 

In an exposure apparatus according to the present invention, the relative position 
between at least one of both the stages and the projection optical system may be statically 
adjusted by using the air cylinder, and also a controller to suppress vibrations by using 
the electromagnetic linear motor may be provided. In such a case, it is possible to adjust 
the relative position between at least one of both the stages and the projection optical 
system via at least one of the first and second stage bases and suppress vibrations due to 
expansion/contraction of each rod. 

An exposure apparatus according to the present invention may further comprise a 
controller that insulates high-frequency vibrations by controlling the current of the 
electromagnetic linear motor while low-frequency vibrations are suppressed by the 
control of the air pressure of the air cylinder. In such a case, low-frequency vibrations 
generated in each stage base due to the reaction to its drive are suppressed, and besides, 
fine vibrations from the floor surface, high-frequency vibrations, can be insulated. 

In an exposure apparatus according to the present invention, a plurality of stages 
may be mounted on at least one of the first and second stage bases. For example, in a 
case where a plurality of stages, i.e. substrate stages, are mounted on the first stage base, 
because exchange of substrates, detection of alignment marks of a substrate, or the like 
on another substrate stage can be performed during exposure for a substrate on one 
substrate stage, the throughput can be improved compared with the case of a single 
substrate stage. Furthermore, for example, in a case where a plurality of stages, i.e. mask 
stages, are mounted on the second stage base, because the exchange of masks is 
performed by exchanging the positions of the mask stages, it is possible to perform multi- 
exposure such as double exposure using a plurality of masks with a higher throughput. 
Especially, in a case where a plurality of the substrate stages and mask stages are 
provided, because exchange of substrates, detection of alignment marks of a substrate or 
the like on another substrate stage can be performed during multi-exposure for a substrate 
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on one substrate stage, multi-exposure such as double exposure using a plurality of masks 
can be performed with a higher throughput. 

In an exposure apparatus according to the present invention, the exposure main 
portion may comprise a mask stage to hold the mask on which the pattern is formed and a 
stage base to support the mask stage in such a way that the mask stage is movable, and 
the parallel link mechanism may control the position/attitude, in three degrees of 
freedom, of the stage base. In such a case, by the parallel link mechanism controlling the 
position/attitude, in three degrees of freedom, of the stage base, the position/attitude, in 
three degrees of freedom, of the mask can be precisely adjusted with desirable 
operational-characteristics and high rigidity. By making the mask stage lightweight, it is 
possible to reduce driving force and driving reaction when driving it on the stage base by, 
e.g., a linear motor. 

In this case, the parallel link mechanism may comprise a base member, at least 
three expandable rods that link the base member and the stage base, and expansion 
mechanisms that are arranged in the respective rods and expand/contract the respective 
rods. In such a case, it is possible to precisely adjust the relative position, in at least three 
degrees of freedom (e.g. Z, 9x, 0y), of the mask stage with desirable operational- 
characteristics and high rigidity by individually expanding and contracting the respective 
rods by the expansion mechanisms that are arranged in the respective rods and controlling 
the position/attitude, in at least three degrees of freedom, of the stage base. Also, by 
making the mask stage lightweight, it is possible to reduce driving force and driving 
reaction of each stage. 

An exposure apparatus according to the present invention may comprise a 
chamber to contain at least one part of the exposure main portion in a state where it is 
sealed from the outside atmosphere and its attitude is allowed to change. In such a case, 
it is possible to make a part of the exposure main portion, which is supported by the 
parallel link mechanism, lightweight by using the advantages of the parallel link 
mechanism, and its attitude can be precisely controlled with desirable operational- 
characteristics and high rigidity. Furthermore, because the chamber contains at least one 
part of the exposure main portion in a state where it is sealed from the outside atmosphere 
and its attitude is allowed to change, by filling the chamber with nitrogen gas (N 2 ), 
helium gas (He) or the like it is possible to transfer a fine pattern onto a substrate with 
high resolution using ArF excimer laser light or vacuum ultraviolet light such as F2 laser 
light, whose wavelength is shorter than ArF light. 
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In this case, it is preferable that a vacuum exhaust system and a gas supply system 
to purge non-active gas into the chamber are arranged in the exposure apparatus. In such 
a case, by having a gas inside the chamber exhausted by a vacuum exhaust system and 
having a non-active gas such as nitrogen gas (N 2 ) and helium gas (He) supplied by a gas 
supply system, the gas inside the chamber is replaced by the non-active gas at once and 
the inside pressure is set to be at a desirable value. 

In a case where the exposure main portion comprises the substrate stage and the 
first stage base to support it, the projection optical system, the mask stage and the second 
stage to support it, and the parallel link mechanism to adjust the positions/attitudes, in 
three degrees of freedom, of the first and second stage bases, an exposure apparatus 
according to the present invention may further comprise a chamber that comprises a first 
room to contain the mask stage and include the second stage base as a part, a second 
room to contain the projection optical system, a third room to contain the substrate stag 
and include the first stage base as a part, and expandable, bellows-members, which 
respectively link the first room and the second room, and the second room and the third 
room, and seals the substrate stage, the optical projection system, and the mask stage 
from the outside atmosphere. In such a case, the third room, which includes the first 
stage base as a part, contains the substrate stag; a second room contains the projection 
optical system; a first room, which includes the second stage base as a part, contains the 
mask stage; and expandable, bellows-members link the first room, the second room, and 
the third room. Therefore, it is possible to adjust the positions/attitudes, in three degrees 
of freedom, of the first and second stage bases by the parallel link mechanism without 
any problem. Also, the substrate stage, the optical projection system, and the mask stage 
are sealed from the outside atmosphere. Therefore, by filling the inside of the chamber 
with nitrogen gas (N 2 ), helium gas (He) or the like, it is possible to transfer a fine pattern 
onto a substrate with high resolution using ArF excimer laser light or vacuum ultraviolet 
light such as F 2 laser light, whose wavelength is shorter than ArF light. 

In this case, it is preferable that a vacuum exhaust system and a gas supply system 
to purge non-active gas into the chamber are arranged in the exposure apparatus. In such 
a case, by having a gas inside the chamber exhausted by a vacuum exhaust system and 
having a non-active gas such as nitrogen gas (N 2 ) and helium gas (He) supplied by a gas 
supply system, the gas inside the chamber is replaced by the non-active gas at once and 
the inside pressure is set to be at a desirable value. 
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According to the third aspect of the present invention, there is provided a first 
method of making an exposure apparatus to transfer a pattern of a mask onto a substrate, 
comprising a first step of providing an mask stage to hold the mask; a second step of 
providing an optical projection system to transfer a pattern of the mask onto a substrate; a 
third step of providing a substrate stage to hold the substrate; and a fourth step of 
providing a parallel link mechanism to support at least one of the mask stage and the 
substrate stage in such a way that relative position, at least three degrees of freedom, of at 
least one of the mask stage and the substrate stage with respect to the optical projection 
system. 

According to this, by assembling and adjusting the illumination optical system, 
the projection optical system, the mask stage and substrate stage, the parallel link 
mechanism to support at least one of the mask stage and the substrate stage in such a way 
that relative position, at least three degrees of freedom, of at least one of the mask stage 
and the substrate stage with respect to the optical projection system are controllable, and 
other various elements mechanically, optically, and electrically, an exposure apparatus 
according to the present invention can be made. 

According to the fourth aspect of the present invention, there is provided a second 
method of making an exposure apparatus to transfer a pattern of a mask onto a substrate, 
comprising a first step of providing an mask stage to hold the mask; a second step of 
providing an optical projection system to transfer a pattern of the mask onto a substrate; a 
third step of providing a substrate stage to hold the substrate; a fourth step of providing a 
first stage base to support the mask stage to be movable; a fifth step of providing a second 
stage base to support the substrate stage to be movable; and a sixth step of providing a 
parallel link mechanism to support at least one of the first and second stage bases in such 
a way that relative position, at least three degrees of freedom, of at least one of the first 
and second stage bases with respect to the optical projection system is controllable. 

According to this, by assembling and adjusting the illumination optical system, 
the projection optical system, the mask stage and substrate stage, the first stage base to 
support the substrate stage to be movable, the second stage base to support the mask stage 
to be movable, the parallel link mechanism to support at least one of the first and second 
stage bases in such a way that relative position, at least three degrees of freedom, of at 
least one of the first and second stage bases with respect to the optical projection system 
is controllable, and other various elements mechanically, optically, and electrically, an 
exposure apparatus according to the present invention can be made. 
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In addition, in the lithography process, by performing exposure using an exposure 
apparatus according to the present invention, it is possible to form a multi-layer pattern 
on the substrate with high precision of superposition, and therefore it is possible to 
manufacture a more highly integrated micro device with high yield. Therefore, another 
aspect of the present invention is a method of manufacturing a device using an exposure 
apparatus according to the present invention. 

Brief Description of the Drawings 

FIG. 1 is a schematic view showing the arrangement of an exposure apparatus 
according to the first embodiment; 

FIG. 2 is a planar view showing the structure, some parts of which are not shown, 
of the parallel link mechanism of FIG. 1; 

FIG. 3 is a cross-sectional view showing the first rod 78 u of FIG. 1, some part of 
which is not shown; 

FIG. 4 is a schematic view showing the structural model of a driving system so as 
to explain the principle of the control of a parallel link mechanism in an exposure 
apparatus according to the first embodiment; 

FIG. 5 is a block diagram showing a control model for the driving system of FIG. 

4; 

FIG. 6 is a view showing a relation between a stationary coordinate and a rod 
coordinate; 

FIG. 7 is a view for explaining the rod's structural model of FIG. 4 and reactions 
exerted on the rod and a driven body; 

FIG. 8 is a block diagram showing the structure of a control system of an 
exposure apparatus according to the first embodiment; 

FIG. 9 is a schematic view showing the structure of an exposure apparatus 
according to the second embodiment; 

FIG. 10 is an oblique view showing the first parallel link mechanism of FIG. 9; 

FIG. 1 1 is a planar view showing a wafer laser interferometer system to detect the 
position, in X-Y plane, of the wafer stage of FIG. 9; 

FIG. 12 is a schematic view showing the structural model of a driving system so 
as to explain the principle of the control of a parallel link mechanism in an exposure 
apparatus according to the second embodiment; 

FIG. 13 is a view showing a state that the wafer stage is driven in X-axis direction 
by the first parallel link mechanism; 
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FIG. 14 is a view showing a state that the wafer stage is driven in Z-axis direction 
by the first parallel link mechanism; 

FIG. 15 is a view showing a state that the rolling of the wafer stage is controlled 
by the first parallel link mechanism; 

FIG. 16 is a view showing a state that the yawing of the wafer stage is controlled 
by the first parallel link mechanism; 

FIG. 17 is a block diagram showing the structure of a control system of an 
exposure apparatus according to the second embodiment; 

FIG. 18 is a flow chart for explaining a method of manufacturing a device using 
an exposure apparatus according to the present invention; 

FIG. 19 is a flow chart showing the process of the wafer process step (step 204) of 
FIG. 18; 

Preferred Embodiment of the Present Invention 
First Embodiment 

A first embodiment of the present invention will be described below with 
referring to FIGS. 1 to 8. 

FIG. 1 shows the schematic arrangement of an exposure apparatus 10 according to 
an embodiment. The exposure apparatus 10 is a so-called step-and-scan type scanning 
exposure apparatus that while illuminating the reticle R as a mask with exposure 
illumination light EL that is vacuum-ultraviolet, synchronously moves reticle R and 
wafer W as a substrate in a scanning direction (hereafter, defined to be Y-direction that is 
the lateral direction in FIG. 1) and transfers a pattern on the reticle R onto a plurality of 
shot areas on the wafer W through a projection optical system PL. This exposure 
apparatus 10 is a so-called scanning stepper. 

This exposure apparatus 10 includes an illumination optical system IOP that 
illuminates the reticle R with the exposure illumination light EL from a light source (not 
shown), a reticle stage RST serving as a mask stage for holding the reticle, a projection 
optical system PL for projecting the exposure illumination light EL sent out from the 
reticle R onto a wafer W, and a wafer stage WST serving as a substrate stage for holding 
and moving the wafer W in X-Y two dimensional direction. 

The above illumination optical system IOP is supported by an illumination-system 
supporting member (not shown). This illumination optical system IOP includes an 
illumination-system housing that makes the inside airtight from the atmosphere and is 
filled with a low-absorbing gas, which is so clean and non-active as to include a few or 
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less than a few percent concentration of air (oxygen), or desirably less than one percent, 
and low in the absorption of light having the wavelength of vacuum ultraviolet, such as 
dry nitrogen (N 2 ), helium (He), argon (Ar), neon (Ne), and krypton (Kr) or a gas in which 
those gases are mixed. This is because, in the case of using light having the wavelength 
of vacuum ultraviolet as exposure illumination light, a gas (hereafter, referred to as an 
"absorptive gas" as the need arises) such as oxygen, steam, and hydrocarbon or related 
gas, which greatly absorbs light having such a wavelength, has to be removed from the 
optical path. The inside of the illumination system housing is filled with the non-active 
gas mentioned above (hereafter, referred to as a "low absorptive gas" as the need arises) 
and kept to have a one to ten percent higher pressure than the air. 

The illumination system housing houses, as disclosed in, for example, Japanese 
Patent Laid-Open No. 7-142354 and U.S. Pat. No. 5,534,970 corresponding thereto, etc., 
a beam reshaping system, a fly-eye lens as an optical integrator, a vibration mirror, a 
collective lens system, a relay lens, a reticle blind mechanism, a main condenser-lens 
system, etc. in a predetermined arrangement. The above disclosures are incorporated 
herein by this reference as long as the national laws in designated states or elected states, 
to which this international application is applied, permit. 

At the backside of the FIG. 1 of the illumination optical system IOP, a fret optical 
system including an optical system for optical axis adjustment that is called a beam 
matching unit is connected with at least one portion of the illumination optical system 
IOP, and via the fret optical system a light source (not shown) arranged on a floor surface 
FD is connected. As this light source, for example, a light source to emit light, of which 
the wavelength is in the rang of about 120 nm to about 180 nm and belongs to vacuum 
ultraviolet region, such as fluorine laser of 157 nm as the oscillation wavelength (F 2 
laser), krypton dimer laser of 146 nm (Kr 2 laser) and argon dimer laser of 126 nm (Ar 2 
laser) is employed. Note that ArF excimer laser, etc., can also be used as the light source. 
A light source controller (not shown) is connected with this light source and controls the 
oscillation center wavelength of a pulse ultraviolet light emitted from the source, the 
trigger of the pulse oscillation, a gas inside the laser chamber, etc. 

A slit-like illumination area on the reticle R that is defined by a fixed reticle blind 
(fixed field stop) is illuminated with uniform illuminance by the illumination optical 
system IOP. In this case, the slit-like illumination area is set to be in the center of a 
circular projection field of the projection optical system PL shown in FIG. 1 and extend 
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in the X-direction (non-scanning direction) with the width in Y-direction (scanning 
direction) being almost constant. 

Incidentally, this light source could be installed in a utility space provided on the 
floor of a room (service room), having lower cleanness than a clean room, or the clean 
room. 

The above reticle stage RST is levitated above the upper surface of a reticle base 
level block 12, having a triangle shape in a planar view and serving as a second stage- 
base, with a predetermined clearance, for example, of about 5 ^m via a non-contact 
bearing (not shown; for example an air-pad). This reticle stage RST is scanned in the Y- 
direction, the scanning direction, within a predetermined stroke range and can be finely 
moved on a horizontal plane (X-Y plane) by a reticle driver 14 (not shown in FIG. 1; 
refer to FIG. 8) including a linear motor, etc. The reticle R is fixed on this reticle stage 
RST by vacuum chucking or electrostatic chucking. 

On the upper surface of the reticle base level block 12, a bulkhead 16 having a 
rectangular opening 16a, which is reduced in size from the reticle R, formed thereon is 
provided. Also, this bulkhead 16 and the reticle stage base 12 compose a reticle room 18 
as a first room to house the reticle stage. The bulkhead 16 is made of a material, which 
does not emit a large amount of gas, such as stainless (SUS). The upper end of the 
bulkhead 16 is connected to the emitting end of the illumination system housing by 
bellows-like member 20 such that its inside is sealed from the outside air, the member 20 
being expandable and being made of fluorine rubber that is a chemically clean material. 

On the emitting end of the illumination system housing, a transmission window 
(not shown) is arranged such that it seals the inside space of the illumination system 
housing from that of the reticle room 18. This transmission window is arranged in the 
optical path of exposure illumination light EL that is incident on reticle R from the 
illumination optical system IOP, thereby being made of a crystal material, which has high 
transmittance against vacuum ultraviolet as exposure illumination light, such as fluorite. 

On the reticle base level block 12, a rectangular opening, in the cross-sectional 
view, that is the path of the exposure illumination light EL having passed the reticle R is 
formed. On the reticle base level block 12, an opening 12a, which is vertically 
penetrating and has a supporting member for a reticle laser interferometer (described 
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later) inserted therein, is also formed. Incidentally, the supporting mechanism and the 
like of the reticle base level block 12 will be described later. 

The position of the reticle stage RST in the X-Y plane (X position, Y position, 
and rotation around Z-axis (8z rotation)) is measured with a predetermined resolution, for 
example about 0.5 to 1 nm, via a movable mirror 22R fixed on the reticle stage RST by 
the reticle laser interferometer 24R. In practice, on the reticle stage RST, a X-movable- 
mirror having a reflection surface perpendicular to the X-direction and a Y-movable- 
mirror having a reflection surface perpendicular to the Y-direction are arranged, and two 
reticle interferometers 24Ryi, 24Ry2 for measuring the position in the Y-direction and a 
interferometer 24Rx for measuring the position in the X-direction are arranged (refer to 
FIG. 8). In FIG. 1, those are representatively shown by the movable mirror 22R and the 
reticle laser interferometer 24R. 

The bottom ends of the reticle laser interferometer 24R, that is, interferometers 
24Ryi, 24Ry 2 , 24Rx are fixed on the upper portion of the lens-barrel of the projection 
optical system PL, and the upper ends of those are respectively fixed via the opening 12a 
and similar openings (not shown) to the upper ends of three supporting members 26 that 
are exposed on the reticle base level block 12. 

The measurement values of the reticle laser interferometer 24R, that is, 
interferometers 24Ryi, 24Ry 2 , 24Rx are supplied to the stage controller 52 and then to the 
main controller 50 (refer to FIG. 8). In the stage controller 52, according to the average 
of the measurement values of the interferometers 24Ry h 24Ry 2 the Y position of the 
reticle stage RST is calculated, according to the difference of those measurement values 
and the distances between the axes of the interferometers the 9z rotation is calculated, 
and according to the average of the measurement values of the interferometers 24Rx the 
X position of the reticle stage RST is calculated. The stage controller 52 reports those 
results of the calculations to the main controller 50 in real time. 

Furthermore, a reflection mirror 28 is fixed to the bottom surface of the reticle 
base level block 12 and a reticle base interferometer 30 to measure the Z position of the 
reflection mirror 28 is disposed on a predetermined position around the periphery of the 
upper end of the projection optical system PL. Incidentally, in practice, on the bottom 
surface of the reticle base level block 12, reflection mirrors are fixed to three different 
position, and a first interferometer 30i, a second interferometer 302, and a third 
interferometer 3O3 are respectively arranged on three positions around the periphery of the 
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upper end of the projection optical system corresponding to the three mirrors (refer to 
FIG. 8). In FIG. 1, those are representatively shown by a reflection mirror 28 and a 
reticle base interferometer 30. The first interferometer 30i, the second interferometer 302, 
and the third interferometer 3O3 respectively measure the Z positions of three reflection 
mirrors. The measurement values of these three interferometer 30 1, 3O2, and 3O3 are 
supplied to the stage controller 52 and then the main controller. The stage controller 52 
calculates the Z position, 0x rotation (pitching), and 0y rotation (rolling) by performing a 
predetermined computing on the basis of the measurement values of the three 
interferometer 30|, 30 2 > and 30 3 . These results are reported from the stage controller 52 
to the main control 50 in real time. 

In the projection optical system PL, an optical system comprising a lens and a 
reflection mirror made of fluoride crystal such as fluorite and lithium fluoride is 
supported by the lens-barrel. In this embodiment, as this projection optical system PL, a 
reduction system is employed which has, for example, a circular image field and of which 
the object plane side and image plane side are both telecentric and the reduction 
magnification (3 is, e.g. 1/4 or 1/5. As this projection optical system, although a 
refraction optical system may be used which is composed of only lenses made of fluoride 
crystal, in this embodiment a reflection/refraction-type projection optical system 
(catadioptric system) is employed. By using an scanning exposure apparatus comprising 
such a reflection/refraction-type projection optical system, it is possible to precisely 
transfer a fine pattern of about 100 nm L/S pattern onto wafers even with F 2 laser light 
having, for example, the wavelength of 157 nm as exposure light. Note that an optical 
system composed of only reflection optical elements may be used as the projection 
optical system. 

As the reflection/refraction-type projection optical system, a reflection/refraction 
system comprising a beam splitter and a concave mirror as reflection optical elements, 
which is disclosed in, for example, Japanese Patent Laid-Open No. 8-171054 and U.S. 
Pat. No. 5,668,672 corresponding thereto, and Japanese Patent Laid-Open No. 10-20195 
and U.S. Pat. No. 5,835,275 corresponding thereto, can be used, or a reflection/refraction 
system comprising not a beam splitter but a concave mirror, etc., as reflection optical 
elements, which is disclosed in Japanese Patent Laid-Open No. 8-334695 and U.S. Pat. 
No. 5,689,377 corresponding thereto, and Japanese Patent Laid-Open No. 10-3039 and 
U.S. Pat. No. 873,605 (application date: Jun. 12, 1997) corresponding thereto, can be 
employed. The disclosures in the above Japanese Patent Laid-Opens, U.S. patent, and 
U.S. patent application are incorporated herein by this reference as long as the national 
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laws in designated states or elected states, to which this international application is 
applied, permit. 

As the reflection/refraction-type projection optical system, also a 
reflection/refraction system can be employed which comprises a plurality of refraction 
optical elements and two mirrors (a main mirror being a concave mirror and a sub-mirror 
that is a back surface mirror of which the reflection surface is formed on the opposite side 
to the incident surface of a refraction element or plane parallel plate) that are disposed 
along one axis and has the intermediate image of a reticle pattern again imaged on a 
wafer using the main mirror and sub-mirror, and is disclosed in Japanese Patent Laid- 
Open No. 10-1045 13 and U.S. Pat. No. 5,488,229 corresponding thereto. In this 
reflection/refraction system, the main mirror and sub-mirror are disposed in series with 
the plurality of refraction optical elements, and an illumination light passes through a 
portion of the main mirror, is reflected by the sub-mirror and the main mirror in turn, 
passes through a portion of the sub-mirror and reaches the wafer. The disclosures in the 
above Japanese Patent Laid-Opens and U.S. patent are incorporated herein by this 
reference as long as the national laws in designated states or elected states, to which this 
international application is applied, permit. 

In this embodiment, as described above, as a projection optical system, because 
the reduction optical system of the reduction magnification (3, e.g. 1/4 or 1/5, is 
employed, when the reticle R is illuminated with the exposure illumination light EL from 
the illumination optical system IOP, the reduced image (partially inverted image) of a 
circuit pattern in the slit-like illumination area on the reticle is formed on the exposure 
area, conjugate with the slit-like illumination area, on the wafer. 

Like the present embodiment, in a exposure apparatus using a exposure 
wavelength of vacuum ultraviolet, also a gas inside the lens-barrel of the projection 
optical system PL has to be replaced by the above non-active gas (low absorptive gas) to 
avoid the absorption of the exposure illumination light by a absorptive gas such as 
oxygen. Therefore, in the present embodiment, the inside of the lens-barrel of the 
projection optical system PL is filled with the above non-active gas, and the pressure of 
the inside is set to be at the predetermined value. The method in which the gas inside the 
lens-barrel of this projection optical system PL is replaced with the above non-active gas 
will be described later. 
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On a position somewhat below the center, in the vertical direction, of the lens- 
barrel of the projection optical system PL, a flange FLG is provided. The whole lens- 
barrel including the flange FLG is covered by a bulkhead made of a material, which does 
not emit a large amount of gas, such as stainless (SUS), and a lens room 32 serving as a 
second room to accommodate the projection optical system PL is formed by this 
bulkhead. In a portion of the ceiling of the bulkhead forming the lens room 32, an 
opening is formed, and the outside of the opening is connected to the reticle base level 
block 12 through an expandable bellows-like member 34, which is made of fluorine- 
contained rubber, in the state where the inside is sealed from the atmosphere. Moreover, 
in the bottom wall of the bulkhead forming the lens room 32, an opening, which is the 
path for the exposure illumination light EL projected from the projection optical system 
PL to the wafer W, is formed. The outside of the opening is connected to a bulkhead 
forming a wafer room (described later) through an expandable bellows-like member 36, 
which is made of fluorine-contained rubber, in the state where the inside is sealed from 
the atmosphere. 

On a wafer base level block 38 that is triangle, in a planar view, and serves as a 
first stage base, the above wafer stage WST is freely driven in the X-Y plane by a wafer 
driver 40 (not shown in FIG. 1; refer to FIG. 8) composed of a magnetic-levitation-type 
two-dimensional linear actuator (planar motor) that is disclosed in, for example, U.S. Pat. 
No. 519,745, etc. The disclosure in the above U.S. patent is incorporated herein by this 
reference as long as the national laws in designated states or elected states, to which this 
international application is applied, permit. 

The wafer W is fixed on this wafer stage WST by vacuum chucking or 
electrostatic chucking (both are not shown). 

A bulkhead 42 on which an opening of a predetermined shape is formed is 
arranged on the wafer base level block 38 and a wafer room 44 serving as a third room to 
accommodate the wafer stage WST is formed by the bulkhead 42 and the wafer base 
level block 38. The bulkhead 42 is made of a material, which does not emit a large 
amount of gas, such as stainless (SUS). Furthermore, as described above, the upper end 
of the bulkhead 42 is connected to the bottom end of the lens room 32a through the 
expandable bellows-like member 36 in the state where the inside is sealed from the 
atmosphere. The supporting mechanism, etc., of the wafer base level block will be 
described later. 
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In the present embodiment, a chamber 46 isolating the wafer stage WST, the 
projection optical system PL, and the reticle stage RST from the atmosphere is composed 
of the reticle base level block 12 and the bulkhead 18 that compose the reticle room 18, a 
bulkhead composing the lens room 32, the wafer base level block 38 and the bulkhead 42 
that compose the wafer room 44, the bellows-like member 36 connecting the lens room 
32 and the reticle room 18, and the bellows-like member 20 connecting the reticle room 
18 and the illumination optical system IOP (refer to FIG. 1). Like the present 
embodiment, in the case of employing light having a wavelength in ultraviolet region as 
the exposure illumination light, the above absorptive gas such as oxygen has to be 
removed from the optical path. Therefore, the inside of the chamber 46, that is, the 
reticle room 18, the lens room 32, and the wafer room 44 is filled with a low absorptive 
gas, for example helium, to set the inside pressure at a predetermined value. 

This will be elaborated below. One end of a first pipe 48 made of a flexible tube 
is connected to the bulkhead 16 of the reticle room 1 8 composing the chamber 46 and the 
other end of the first pipe 48 is connected to the discharge opening of a helium gas 
supplier (hereafter, referred to as a "gas supplier") 54, and the one end of a second pipe 
56 made of a flexible tube is connected to the bulkhead of the wafer room 44 composing 
the chamber 46, and the other end of the second pipe 56 is connected to the inflow 
opening of a channel switching unit 58 comprising the channel switching valve (three 
way valve) composed of an electromagnetic valve. The first outflow opening of this 
channel switching unit 58 is connected with the return opening of the gas supplier 54 via 
a third pipe 60. Furthermore, the second outflow opening of this channel switching unit 
58 is connected with a turbo molecular pump 66 and then a dry pump 68 via pipes 62, 64. 

The above gas supplier 54 has a gas container containing helium gas that is so 
clean as to contain less than one percent concentration of oxygen. First and second 
pumps are provided respectively on the discharge opening side (exit side) and return 
opening side (entrance side) of the gas container. A temperature adjustment unit (not 
shown) controls the helium gas inside the gas container to be kept at a predetermined 
target temperature. Moreover, a chemical filter, air filter, etc., are arranged around the 
return opening. 

The method of replacing the gas (air) inside the chamber 46 with helium will be 
briefly described below. Note that the operation described below is performed while the 
main controller 50 (refer to FIG. 8) described later is monitoring the output, etc., of a 
pressure sensor (not shown). 
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First, the channel switching valve inside the channel switching unit 58 is switched 
to the side of the turbo molecular pump 66, and then the dry pump 68 is turned on to 
vacuum the inside of the chamber 46. Next, after the inside of the chamber gets to be at a 
predetermined first vacuum state, the turbo molecular pump 66 is turned on and 
simultaneously the dry pump 68 is turned off to further vacuum the inside of the chamber 
46. After the inside of the chamber 46 gets to be at a predetermined second vacuum state 
of, e.g., less than 0.1 hPa, the channel switching valve inside the channel switching unit 
58 is switched to the side of the gas supplier 54 and simultaneously the turbo molecular 
pump 66 is turned off. By the above lowering of the pressure, the absorptive gas such as 
oxygen is removed from the inside of the chamber 46. 

Next, a charging valve (not shown) in the gas supplier is opened and 
simultaneously the first pump is turned on to start the supply of helium gas from the gas 
supplier 54 to the chamber 46. Then after the pressure inside the chamber 46 reaches the 
predetermined value after a predetermined time since the start of the supply, the charging 
valve is closed and simultaneously the first valve is turned off. 

In such a way, the replacement of gases inside the chamber 46 is performed, and 
the inside of the chamber 46, more specifically, the reticle room 18, the lens room 32, the 
wafer room 44, and the inside of the lens-barrel of the projection optical system PL is 
filled with helium. 

Note that in the present embodiment, as is obvious seeing FIG. 1, the supply 
system of helium gas is a circulation system having the circulating path for helium gas 
and is economical. In this case, there is a high possibility of helium gas, which returns to 
the returning opening of the gas supplier 54, containing particles or chemical impurities, 
but as described above, the chemical filter, air filter, etc., arranged around the returning 
opening remove them, and highly clean helium gas, which is chemically clean and has 
almost no particles, returns to the inside of the gas container. 

The position of the wafer stage WST in the X-Y plane (X position, Y position, 
and 0z rotation) is measured with a predetermined resolution, for example about 0.5 to 1 
nm, via a movable mirror 22W fixed on the wafer stage WST by the wafer laser 
interferometer 24W that is suspended from and supported by a supporting member 70 
below the lens-barrel of the projection optical system PL. 
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Incidentally, a reflection surface may be formed on a predetermined portion of the 
upper surface of the wafer base level block 38 by performing mirror-process and a wafer 
base interferometer for measuring the Z position of the reflection surface may be fixed on 
the lower side of the wafer laser interferometer 24W. 

In this case, in practice, on the wafer stage WST, a X movable mirror having a 
reflection surface perpendicular to the X-axis and a Y movable mirror having a reflection 
surface perpendicular to the Y-axis are arranged, and two wafer interferometers 24Wyi, 
24 Wy2 for measuring the position in the Y-direction and a interferometer 24 Wx for 
measuring the position in the X-direction are arranged (refer to FIG. 8). The 
measurement values of the wafer laser interferometer 24W, that is, interferometers 
24Wyi, 24Wy 2 , 24 Wx are supplied to the stage controller 52 and then to the main control 
50 (refer to FIG. 8). In the stage controller 52, according to the average of the 
measurement values of the interferometers 24Wy !? 24Wy 2 the Y position of the wafer 
stage WST is calculated; according to the difference of those measurement values and the 
distances between the axes of the interferometers the 0z rotation is calculated; and 
according to the average of the measurement values of the interferometers 24 Wx the X 
position of the wafer stage WST is calculated. The stage controller 52 reports those 
results of the calculations to the main controller 50 in real time. 

Meanwhile, the z direction position of the wafer with respect to the projection 
optical system as a reference is measured by a focus sensor 73 that is fixed on the lens- 
barrel of the projection optical system PL and uses an oblique incident-light method. 
This focus sensor 73 is, as shown in FIG. 1, composed of a sending light system 73a, 
which is fixed on the periphery of the lens-barrel of the projection optical system and 
illuminates the surface of the wafer W with a detection beam in a oblique direction, and a 
receiving light system 73b, which is fixed on the periphery of the lens-barrel of the 
projection optical system and receives the detection beam reflected by the surface of the 
wafer W. In this case, the sending light system 73a and the receiving light system 73b 
are both so disposed that they form an angle of 45 degrees with respect to the X-axis and 
Y-axis. As this focus sensor, a multiple focal position detection system is employed 
which is disclosed in, for example, Japanese Patent Laid-Open No. 6-283403 and its 
corresponding U.S. Pat. No. 5,448,332. The disclosures in the above Japanese Patent 

Laid-Opens and U.S. patent are incorporated herein by this reference as long as 
the national laws in designated states or elected states, to which this international 
application is applied, permit. Note that this focus sensor 73 (73a, 73b) are integrally 
fixed on the projection optical system PL. 
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The output of this focus sensor 73 is supplied to the stage controller 52 and the 
stage controller 52 calculates the relative position, in Z, 0x, and 0y directions, of the 
wafer W with respect to the projection optical system, more specifically, the z position 
(the amount of defocus), and 0x rotation (the amount of pitching) and 6y rotation (the 
amount of rolling) of a target in the exposure area of the wafer's surface on the basis of 
the output of this focus sensor 73. These calculation results, which are focus-leveling 
measurement results of the target in the wafer W's exposure area are reported from the 
stage controller 52 to the main control 50 in real time. 

Next, the respective supporting mechanisms of the above reticle base level block 
12, the projection optical system PL, and the wafer base level block 38 will be described 
below. As this supporting mechanism, in the present embodiment, a parallel link 
mechanism 74 is employed. FIG. 2 is a planar view that shows some of its elements 
composing the parallel link mechanism 74. Incidentally, FIG. 1 is a cross-sectional view 
along A--A line in FIG. 2. 

The parallel link mechanism 74 comprises a first mechanism that controls the 
position and attitude, in three degrees of freedom Z, 0x, By, of the wafer base level block 
38, a second mechanism that controls the position and attitude, in three degrees of 
freedom Z, 0x, 0y, of the reticle base level block 12, and a third mechanism that controls 
the position and attitude, in three degrees of freedom Z, 0x, 0y, of the projection optical 
system PL. 

Out of these mechanisms, the first mechanism has three first base members 76\, 
76 2 , 76 3 (refer to FIG. 2) placed around respective vertices of an equilateral triangle and 
three expandable first rods 78i, 78 2 , 78 3 that respectively link the first base members 76 ls 
76 2 , 763 with the wafer base level block 38. 

These first rods 78 1, 78 2 , 78 3 , as shown in FIG. 1, each have a first axis member 
79 and a second axis member 80 that can relatively move along their axis-direction, and 
the one end (lower end) of the first axis member 79 is attached to the corresponding first 
base member 76 so as to be rotatable around a supporting spindle 81 composed of a bolt 
or pin, and then the other end (upper end) of the second axis member 80 is attached to the 
wafer bas level block 38 so as to be rotatable in the same way as the above. 
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FIG. 3 shows the cross section (partially omitted) of the first rod 78 1. As shown 
in FIG. 3, inside the first axis member 79, a cavity 82 that is shaped like a cylinder with 
steps is formed, and in one end (left side in FIG. 1) of the inside of this cavity 82 a 
bellows-type air cylinder 84 is contained. This air cylinder 84 has an end of a pipe 86, 
which is one portion of an air pressure circuit (not shown), connected thereto, and the 
other end of a pipe 86 is connected to an air pressure source. Also, by controlling the air 
pressure of compressed air supplied from the air pressure source via the air pressure 
circuit, the inside pressure of the air cylinder 84 is controlled. By this, a piston 84A is 
moved back and forth along the axis direction. In the air cylinder 84 in FIG. 3, the return 
process uses the gravity exerted on the piston 84A in the state of being embedded in the 
parallel link mechanism 84. 

Moreover, on the other end inside the cavity 82 of the first axis member 79, an 
armature unit 88 composing the stator in a shaft motor 92, which is a kind of 
electromagnetic force linear motor and composed of a plurality of armature coils 
arranged in the axis-direction, is disposed. As the shaft motor 92, a three-phase motor is 
employed. Therefore, the armature unit 88 is constituted of a plurality of coil units 
connected in series each of which has three coils connected in series each of which is for 
one phase and has a coil-axis-direction length of L/3, a third of a pitch L (described later). 

Meanwhile, the second axis member 80 has a tube-like mover-yoke 80a, which is 
composed of magnetic members, and an attachment member 80b provided on the other 
end (right end in FIG. 3), in the axis-direction (longitudinal direction), of this mover-yoke 
80a, On the periphery of the mover-yoke 80a, a hollow, columnar, that is cylindrical, 
magnetic body 89 composed of a plurality of permanent magnets having the same size as 
one another is arranged. In this case, a hollow, columnar magnetic pole unit 90 as a 
mover of the shaft motor 92 is composed of the mover-yoke 80a and the magnetic body 
89. The magnetic body 89 comprises a plurality of first-magnets, which are arranged at a 
predetermined distance along the axis-direction and each are a cylindrical permanent 
magnet magnetized in the axis-direction, and a plurality of second-magnets each of which 
is arranged between the neighboring two first-magnets and is a permanent magnet 
magnetized in the radius direction. Two poles of mutually neighboring two first- 
magnets, which are opposite with each other, have the same polarity as each other. Also, 
second-magnets are so arranged that their magnetization directions are alternatively 
opposite and that their poles having the same polarity as their neighboring first-magnets* 
poles are facing outwards. 
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Therefore, in the neighbor of the stator, an open magnetic circuit (or close 
magnetic circuit) having a pitch (L) of 2L1 is formed omni directionally (radially) as the 
length of the first-magnet and second-magnet is represented by LI. 

In the shaft motor 92 composed in this way, when supplying a driving current of 
sine wave having a predetermined period and amplitude to each coil of the armature unit 
88 as the stator, the second axis member 80 is relatively driven in the axis-direction with 
respect to the first axis member 79 by Lorentz force (thrust), a kind of electromagnetic 
reaction, between the magnetic pole unit 90 and the armature unit 88. 

That is, in the present embodiment, the above air cylinder 84 and shaft motor 92 
relatively drive the first axis member 79 and the second axis member 80 in the axis- 
direction, and constitute a first expansion mechanism 94j, that expand the first rod 78j. 

Furthermore, on the inside surface of the first axis member 79 constituting the 
first rod 78 1, a plurality of air pads (air static pressure bearing unit) 96's serving as gas 
static pressure bearing units are arranged. The gas static pressure bearing unit is a 
bearing unit that supports the magnetic pole unit 90 serving as a mover of the above shaft 
motor 92 in non-contact manner with respect to the armature unit 88 as a stator. Each air 
pad 96 has an air pressure circuit (not shown), which is connected to an air pressure 
source (not shown) via an air supply path 98 and air supply tube 99, connected thereto. 
Also, via the air pressure circuit, the pressure of a compressed air supplied from the air 
pressure source is controlled, and the compressed air having a predetermined pressure is 
blown out from each air pad 96 toward the periphery of the magnetic pole unit 90. Then 
by the static pressure of the compressed air, so-called gap-inside pressure, the magnetic 
pole unit 90 is supported in non-contact manner with respect to the armature unit 88. 

Therefore, a friction that is non-linear component is avoided when controlling the 
expansion/contraction of the first rod 78 1, where the air pad 96 is arranged, by the first 
expansion mechanism 94\. 

Furthermore, in the neighbor of this air pad 96, a differential exhaust mechanism 
(vacuum exhaust mechanism) 400, which is connected to a vacuum pump (not shown), is 
arranged. This differential exhaust mechanism 400 prevents an gas blown out of the air 
pad 96 from contaminating the gas purity of the atmosphere inside the exposure apparatus 
(e.g. helium gas atmosphere) by differentially exhausting the air blown from the air pad 
96. 
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Incidentally, the above shaft motor 92 also functions as a kind of magnetic 
bearing by controlling the phase of the driving current. However, considering the effect 
of the gravity exerted on the second axis member 80, the above air pad 96 is arranged. 
Therefore, instead of the above air pad, a magnetic bearing unit may be employed as the 
bearing unit. 

Note that although not shown in FIG. 3, a linear encoder 95 1, is arranged which 
uses a Hall device to detect the amount of movement of the magnetic unit 90 with respect 
to the armature unit 88 and that the output of the linear encoder is supplied to the main 
controller 50 (refer to FIG. 8). 

The other first rods 78 2 , 783 are constituted in the same way as the first rod 78, 
and have first expansion mechanisms 94 2 , 94 3 and linear encoders 95 2 , 95 3 that are 
respectively the same as those of the first rod 78 1 (refer to FIG. 8). 

Moreover, the second mechanism comprises a second base member 102 provided 
on the floor surface FD of a clean room and three expandable second rods 104 t , 1042, 
104 3 that each connect the second base member 102 and the reticle base level block 12. 
As shown in FIG. 2, the second base member 102 comprises a basis 102a and three 
extended portions 102b that extend upward from the three positions of the basis 102a and 
have the same height. 

The second rods 104i, 104 2 , 104 3 each have a first axis member 106 and a second 
axis member 108 that are relatively movable along their axis, and one end (lower end) of 
the first axis member 106 is attached to a position of a predetermined height near the 
upper end of the corresponding extended portions 102b so as to be rotatable around a 
supporting axis 1 10, being a bolt or pin, as a center. Also, in the same way, one end 
(upper end) of the second axis member 108 is attached to the reticle base level block 12 
so as to be rotatable. These three second rods 104i, 104 2 , 104 3 are so arranged that they 
are respectively opposite with the first rods 78 1, 78 2 , 78 3 in the planar view as shown in 
FIG. 2. 



Furthermore, the second rods 104i, 104 2 , 104 3 respectively comprise second 
expansion mechanisms 1 12i, 1 12 2 , 1 12 3 , which are composed in the same way as the first 
expansion mechanisms 94|, of the first rod 78i, and linear encoders 95 4 , 95 5 , 95 6 (refer to 
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FIG. 8). Also, in the second rods 104|, 104 2 , 104 3 , air pads are arranged in the same way 
and for the same purpose as the first rod. 

The third mechanism comprises three third base members 1 14 1, 1 142, 1 H3 (refer 
to FIG. 2) that are respectively arranged outwards next to the three first base members 
76i, 762, 763 on the floor surface FD of a clean room and three expandable third rods 
1 1 81, 1 1 82, 1 1 83 that respectively connect three third base members 1 14 !5 1 14 2 , 1 14 3 with 
an attachment stage 116 provided on the outside of the bulkhead containing the projection 
optical system PL. 

The respective third rods 1 I81, 1 18 2 , 1 183 have a first axis member 120 and a 
second axis member 122 that are relatively movable along their axis, and one end (lower 
end) of the first axis member 120 is attached to the corresponding third base member 1 14 
so as to be rotatable around a supporting axis 124, being a bolt or pin, as a center. Also, 
in the same way, one end (upper end) of the second axis member 122 is attached to the 
attachment stage 1 16 so as to be rotatable. 

The third rods 1 18 b 1 18 2 , 1 183 respectively comprise third expansion 
mechanisms 126i, 126 2 , 126 3 , which are composed in the same way as the first expansion 
mechanisms 94 u of the first rod 78 1, and linear encoders 95 7 , 95 8 , 95 9 (refer to FIG. 8). 
Also, in the third rods 1 181, 1 18 2 , 1 18 3 , air pads are arranged in the same way as the first 
rod. 

Expansion mechanisms of rods 94j to 94 3 , 1 12\ to 1 12 3 , 126i to 126 3 that 
constitute the parallel link mechanism in the way described above are controlled by the 
main controller 50 via the stage controller 52 (refer to FIG. 8). 

In the present embodiment, the above third mechanism composing the parallel 
link mechanism 74 is, for example, employed to initially set the position and attitude of 
the projection optical system when starting up the exposure apparatus 10 after the 
completion of its assembly in a factory. That is, an operator inputs necessary information 
for initial setting via an input/output unit, and the main controller 50 controls the third 
expansion mechanisms 126i, 126 2 , 126 3 via the stage controller 52 on the basis of the 
input information. Then the third rods 1 181, 1 18 2 , 1 1 83 are expanded and the projection 
optical system PL is set to be in a predetermined position and attitude. After the 
completion of the initial setting, the third rods 1 1 81, 1 1 8 2 , 1 1 83 are kept in the after- 
adjustment state. 
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Note that because there is some possibility that the Z position and attitude of the 
projection optical system PL changes from the initial state due to fine deformation of the 
clean room floor surface over time, the above initial setting may be repeated at a 
predetermined time interval or performed as the need arises. 

Next, the principle of controlling the position and attitude in three degrees of 
freedom, that is 0x,j9 , Z, of a body (controlled object) to be driven by a driving system 
having three of the same rods as the above first, second and third mechanisms have will 
be described below. 

As such a driving system, consider one, as shown schematically in FIG. 4, 
including a stationary member T, a driven body S, and expandable rods RDj (i=one to 
three), each of which includes a stator side member RM1 and a mover side member RM2 
and links three points Ai (i=one to three) of the stationary member T and three points Bi 
(i=one to three) of the driven body S. Note that in the plane defined by three points A\ 
(i=one to three) these points are placed at vertices of an equilateral triangle and that as 
setting the center of the equilateral triangle to be an origin O, a stationary coordinate 
system XYZ is so defined that the plane including the equilateral triangle is its X-Y 
plane. Furthermore, in the plane defined by three points Bj (i=one to three) these points 
are placed at vertices of an equilateral triangle and as setting the center of the equilateral 
triangle to be an origin P, a driven-body coordinate system UV W is so defined that the 
plane including the equilateral triangle is its U-V plane. Incidentally, in each of the rods, 
the expansion/contraction of the rod RDi is caused by the movement, along the line 
between Ai and Bi, of the mover side member RM2 of the rod RDi. 

In the present embodiment, a control system shown in FIG. 5, a block diagram, 
controls the position and attitude in three degrees of freedom 0x,)8 , Z, which is shown in 
FIG. 4, in the manner described below. 

First, initial values of a position/attitude-setting portion 306 and a velocity-setting 
portion 304 are set to current values of the position and attitude (0x,$ , Z), in three 
degrees of freedom 0x,}0 , Z, and the velocities (d9x/dt, d0y/dt, dZ/dt) of a driven body 
S, and initial values of an acceleration-setting portion 302 are set to acceleration values 
(d 2 0x/dt 2 , d 2 0y/dt 2 , d 2 Z/dt 2 ) for the control of a desirable position/attitude. After that, 
until a new initial setting, only the acceleration-setting portion 302 is updated time after 
time. Meanwhile, in the velocity-setting portion 304, its setting values are each set to the 
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sum of their initial value and the integration of acceleration values from the acceleration- 
setting portion 302, and in the position/attitude-setting portion 306, its setting values are 
each set to the sum of their initial value and the integration of velocity values from the 
velocity-setting portion 304. 

At each time, a reverse-dynamics analyzing portion 308 analyzes the acceleration- 
setting values of the acceleration-setting portion 302, the velocity-setting values of the 
velocity-setting portion 304, and the position/attitude-setting values of the 
position/attitude-setting portion 306 that are set in this way and inputted thereto, and 
based on the results of this analysis, the reverse-dynamics analyzing portion 308 
determines instructing values of thrusts for the respective rods RDj. 

The reverse-dynamics analyzing portion 308 performs kinematical analyses 
regarding the position/attitude, velocity, and acceleration. These will be described below 
in turn. 

In the below description, for the sake of convenience, each vector is represented 
by an expression, vector XX, in sentences, and a vector-symbol "->" is attached on the 
XX in mathematical expressions. 

The Analysis of Position/Attitude 

In the analysis of position/attitude, the length and the expansion/contraction 
direction of each rod RDj are obtained based on the position/attitude setting values (0x, 
6y, Z). 

Therefore, first, from the respective position vectors Bbj (known constant vectors) 
of the points Bj (i=one to three) in the UVW coordinate system, a vector bi in the XYZ 
coordinate system is calculated by the following equation (3). 

~b t - ARB Bbl •••( 3 ) 

Note that ARB is a rotational transform matrix from the UVW coordinate system 
to the XYZ coordinate system and is determined by the attitude setting values 8x, 0y and 
known 0z (constant; e.g. zero) in the position/attitude-setting portion 306. Such a 
rotational transform matrix is publicly known and can be easily calculated. Incidentally, 
instead of the position/attitude setting values 0x,)0 , Z, Eulerian angles may be used and 
in such a case, the expression for equations of motion described later becomes simple. 
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Then using a vector bi obtained from equation (3), a vector n from Aj to Bj is 
calculated by the following equation (4). 

r i = P + b i " <*i ■••( 4 ) 

Note that the vector p is, as shown in FIG. 4, a vector from the origin O of the 
XYZ coordinate system to the origin P of the UVW coordinate system, that in the XYZ 
coordinate the Z component of the vector p is determined by a position setting value Z in 
the position/attitude-setting portion 306, and that its X component and Y component are 
known (constant; e.g. both are zero in the case of the point p being just on the point O). 
Also, a vector a; is the position vector of the point Aj in the XYZ coordinate system and a 
known constant vector. 

Next, by the following equations (5) and (6), the length Di of each rod RDj and a 
unit vector Sj in the expansion/contraction direction of each rod RDj in the XYZ 
coordinate system are obtained. 
r>t -\n | .-.< 5 ) 

Incidentally, the reverse-dynamics analyzing portion 308 finally determines the 
thrust in the expansion/contraction direction of each rod RDj and because the rotation of 
the rod RDi is generated by the expansion/contraction of the rod RD is it is convenient to 
employ a rod coordinate system, for each rod RDj, having the expansion/contraction 
direction of the rod RDj to be its one-axis so as to easily express the rotation of the rod 
RDj. Therefore, in the present embodiment, as having a Xj Yj Zj coordinate system 
shown in FIG. 6 represent the rod coordinate system for each rod RDj, the following 
definitions are made. 

That is, definitions are made that a Xj 'Yj 'Zj 'coordinate system is a coordinate 
system where its axes are respectively parallel to those of the XYZ coordinate system and 
its origin is a point Aj, that the Z { 'direction and the expansion/contraction direction of the 
rod RDj form an angle and that the Xj ' axis and an intersection line between the Xj 'Yj 
' plane and a plane, which is formed by the Zj ' axis and the expansion/contraction 
direction axis of the rod RDi, form an angle <j>j. Moreover, definitions are made that a X\ 
"Yj "Zj " coordinate system is a coordinate system obtained by rotating the Xj 'Yj *Zi ' 
coordinate system around the Zi ' axis through the angle §\ and that a Xj Yi Zj coordinate 
system obtained by rotating the Xj "Yj "Zj " coordinate system around the Yj " axis 
through the angle is an individual rod coordinate system for the rod RDi. 
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••(1 1) 



c o s -0 ,= s i2 ••• ( 7 ) 

s i n -0 ,= ( s iX 2 + s iY 2 ) 1/2 — (8) 

s i n <j)| = s iy /s i ni(i| ••• (9) 

c o s <t> j= s | X / s i n tJ> , •••(10) 

Between the angles vj/j, fa and the components (S^ Sjy, Siz) of the unit vector Si in 
the XYZ coordinate system, the following equations exist. 

Moreover, a rotational transform matrix ARi from the Xi Yi Zj coordinate system 
to the XYZ coordinate system is given by the following equations (11). 

'coscfa • cos \p i - sin<p t cosfy - sin tp t N 
AR t - sin^ • cos y> ( - co$0, sm^ • sin tp i 
- sin^ 0 cos tpi 

Incidentally, the rotational transform matrix ARi is an Hermitean matrix, and the 
rotational transform matrix jRA from the XYZ coordinate system to the Xj Yj Zj 
coordinate system, which is the reverse transform of the rotational transform by the 
rotational transform matrix ARj, is a transposed matrix. 

The Analysis of Velocities 

In the analysis of velocities, based on the above analysis results of the position 
and attitude and the velocity setting values, the velocity-vectors, in the driven body 
connection point B i5 of each rod RDj viewed in the XYZ coordinate system and the Xi Yj 
Zi coordinate system and the angular-velocity-vector of each rod RDi viewed in the Xj Y\ 
Z\ coordinate system are obtained. 

First, the velocity-vector vbi in the point Bj viewed in the XYZ coordinate system 
is obtained by the following equations (12). 



Note that the vector V P is the velocity vector of the gravity center of the driven 
body S in the XYZ coordinate system, that X component and Y component of the vector 
V P are both zero because the driven body S does not move in the X direction and Y 
direction, and that its Z component is the velocity setting value dZ/dt in the velocity 
setting portion 304. Also, co P represents the angular velocity vector of the driven body S 
in the XYZ coordinate system, and its X component and Y component respectively 
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represent angular-velocity setting values d0x/dt, d6y/dt in the velocity-setting portion 
304. Also, because the driven body S does not rotate about the Z-axis, its Z component is 
zero. In equation (12) and below equations, "x" represents an outer product operation 
and " "an inner product operation. 

Next, a velocity vector i vbj of the point Bj viewed in the Xj Yj Zj coordinate 
system is obtained by the following equations (13). 

Note that the Zj component of vector \ vbj represents the expansion/contraction 
velocity VRj of the rod RDj. 

Next, by the following equation (14), the above unit vector sj is transformed into a 
vector i Si that is its expression in the Xi Yj Zj coordinate system. 

~s]^ t RA ^7 •••( 1 4) 

Also, a angular velocity vector jCDj of the rod RDj viewed in the Xj Yj Zj 
coordinate system is obtained by the following equations (15). 

^ = (7^*7^) / D i ■•■(is) 

The Analysis of Acceleration 

In the analysis of acceleration, based on the above analysis results of the 
position/attitude and the velocity, and the acceleration setting values, the acceleration- 
vectors and angular-acceleration-vectors, in the driven body connection point Bj, of each 
rod RDj are obtained. 

Next, the acceleration-vector in the point B viewed in the XYZ coordinate system 
is obtained by the following equations (16). 

Note that the vector cc p is the acceleration vector of the gravity center of the 
driven body S in the XYZ coordinate system, that X component and Y component of the 
vector otp are both zero because the driven body S is not driven in the X direction and Y 
direction, and that its Z component is the acceleration setting value d 2 Z/dt 2 in the 
acceleration setting portion 302. Also, p P represents the angular velocity vector of the 
driven body S in the XYZ coordinate system, and its X component and Y component 
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respectively represent angular-acceleration setting values c^Gx/dt 2 , d 2 0y/dt 2 in the 
acceleration-setting portion 302. Also, because the driven body S is not driven about the 
Z-axis, its Z component is zero. 

Next, a velocity vector jcxbi of the point Bj viewed in the Xj Yj Z, coordinate 
system is obtained by the following equations (17). 

i oi) i ^ i RA - obi •••(17) 

Note that the Zj component of vector jab* represents the expansion/contraction 
acceleration otRj of the rod RDj. 

Next, an angular-acceleration vector jpi of the point Bj viewed in the Xi Yj Zj 
coordinate system is obtained by the following equations (18). 

7# « ("^ x Jab[) /D L - 2V??,. 7<o i /D i -(18) 

Incidentally, each rod RDj is composed of the stator side member RM1 and the 
mover side member RM2. Assume that the structure of the stator side member RM1 and 
the mover side member RM2 is the one shown in FIG. 7. That is, the mass of the stator 
side member RM1 and the mass of the mover side member RM2 are respectively 
represented by ml and m2. Also, assume that the gravity center of the stator side 
member RM1 is located at the position of distance LI from the point A 4 in the direction 
from the point Ai to Bi and that the gravity center of the mover side member RM2 is 
located at the position of distance L2 from the point Bi in the direction from the point Bj 
to Aj. 

In this case, an acceleration vector jcxli, in the gravity center, of the stator side 
member RM1 and an acceleration vector ia2j, in the gravity center, of the mover side 
member RM2 viewed in the Xj Yj Z\ coordinate system are obtained by the following 
equations (19), (20). 

^ol i ^aR i -"Ti+iDi -L2)'7A x ^ 

+ 2^^4*7^ ...(2 0) 

After the completion of the analyses of the position/attitude, the velocity/angular- 
velocity, and the acceleration/angular-acceleration as described above, as shown in FIG. 
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7, by virtually dividing the driven body S and the rod RDj at the point Bj, the system is 
decomposed into a driven body system and open loop rod system. 

Also, considering each rod RDj as a sub-system, an equation of motion about Aj 
for the rod RDj is given by the following equations (21). 

~nPi = d Q^A) /dt -.(2 1) 

Note that the vector j n x A is a moment vector about the point Aj of the rod RDj 
and that the vector i hi A is a angular moment vector about the point Aj of the rod RDj. 

Incidentally, as shown in FIG. 7, viewing in the Xi Yj Z x coordinate system, a 
reaction j fa { 0 fa X i, i favi,i fa zi) acting on the rod RDj is generated at the point Aj and a 
reaction {-i fbj (-i fbxi, -i fbyi, -i A> zi) acting on the rod RDj is generated at the point Bj. 
Also, a reaction \ fbj is generated at a point of the driven body S corresponding to the 
point Bj. 

The values i fbxi, i fbvi that are respectively Xj axis component and Yj axis 
component of the reaction acting on the point Bj and the point of the driven body S 
corresponding to the point Bj are obtained on the basis of the results of the above reverse- 
dynamics analysis of the position/attitude, the velocity/angular velocity, the 
acceleration/angular acceleration, the mass ml of the stator side member RM1, the mass 
m2 of the mover side member RM2, and a gravity acceleration regardless of the mass of 
the driven body S. Also, the value j fb Z i that is Zj axis component is obtained by 
resolving a translation motion equation of the driven body S viewed in the XYZ 
coordinate system (22) and a rotatory equation (23). 

£ (Afb-) + m p 'g=mp / a^ -(2 2) 

M 

Bn p =1 (Bb r Bfbi) "(2 3) 

The vector Afbj is a reaction-vector acting on the point of the driven body S 
corresponding to the point Bi in the XYZ coordinate system and given by the following 
equation (24). 

Afbi=ARi TWi —(2 4) 

Also, m p represents the mass of the driven body S and a vector g represents a 
gravity acceleration vector. 
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Furthermore, the vector Bn p represents the moment of the driven body S viewed 
in the UVW coordinate system and the vector Bfbj is a reaction-vector acting on the point 
of the driven body S corresponding to the point Bj in the UVW coordinate system and 
given by the following equation (25). 

Bfb t = (ARB)' 1 • Afb t 

- (ARB)* 1 • AR t • ~fb t - • ( 2 5 ) 

Incidentally, although equations (22) and (23) include six equations, considering 
that the driven body is driven in three degrees of freedom 0x,)6 , Z, an equation 
regarding Z component of equation (24) and two equations regarding components 0x, 0y 
of equation (25) are used on calculating three values i fb zi (i=one to three). 

Also, the reverse-dynamics analyzing portion 308 finally calculates the instructing 
value ii of thrust for each of the rods RDi according to 

t, = jfb Zi + m2 • gc • costfri 

+ m2 ■ ,a 2 2l ••• (2 6) 

Note that \ fb Z i is the Z component of vector j fbi and that gc is the magnitude (9.8 
m/S 2 ) of the gravity acceleration. 

Although, in the above, the calculation of the instructing value of thrust for each 
rod RDi according to Newton/Euler method is described, the instructing value of thrust 
for each ros RDj may be calculated according to d'Alembert method. In the d'Alembert 
method, the equations of Newton/Euler method are put together into Jacobian matrices, 
and forces of constraint and moments of Newton/Euler method are removed from the 
equations of motion. Therefore, it is more efficient than Newton/Euler method, practical, 
and preferable d'Alembert method will be briefly described below. Note that symbols 
represent the same things as those of Newton/Euler method. 

First, in the same way as Newton/Euler method, the position/attitude, 
velocity/angular velocity, and acceleration/angular acceleration are analyzed by reverse- 
dynamics analysis. The rotational transform matrix from the UVW coordinate system to 
the XYZ coordinate, and the angular velocity vector cop and angular acceleration vector 
Pp in the expression of Eulerian angles are obtained. 
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Next, Jacobian matrix Jbi of each rod RDj regarding the XYZ coordinate system 
that satisfy the following equation (27) is calculated. 

vb t = Jb t ■ va p • • •( 2 7 ) 

Note that vector va p is a velocity vector in six degrees of freedom in the XYZ 
coordinate system and the resultant of the above velocity vector v P of the gravity center 
of the driven body S and the angular velocity vector cop of the driven body S. 

Jacobian matrix Jbi is obtained from the results of reverse-dynamics analyses of 
the position/attitude and velocity/angular velocity by using an equation equivalent to the 
equation (12). 

Next, Jacobian matrix \ Jbi of each rod RDj regarding the Xj Yj Z x coordinate 
system is calculated by the following equation (28). 

iJbi RA Jbi -.-(2 8) 

By using Jacobian matrix j Jbj, from the velocity vector va p in six degrees of 
freedom in the XYZ coordinate system, velocity vector i vbj of the point Bi viewed in the 
Xj Yj Zj coordinate system is obtained from the following equation (29). 

jvfcj Jb t va p •••( 2 9) 

Next, a driven body's Jacobian matrix JP is obtained from the following equation 

(30). 

VR^JP v^ —(3 0) 

The driven-body's Jacobian matrix JP is obtained on the basis that Zj component 
of vector j vbj is the expansion/contraction velocity vector VRi of the rod RDi. 

Incidentally, considering that the gravity acts on the driven body S, a applied- 
force vector fS p and an inertia torque tS p exerted on the gravity of the driven body S are 
obtained from the following equations (31) and (32) as representing an inertia matrix 
around the gravity of the driven body S in the XYZ coordinate system by AI P . 

fS p =m p -g -m p -a p —(3 1) 

ir p =-AI p T p -^*W p ^ p ) "O 2) 

The resultant of the applied-force vector fS p and inertia torque tS p is represented 
by vector T p in the below. 
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In the same way as the driven body S, the resultant j Tl j, in the Xj Yj Zj coordinate 
system, of the applied-force vector and the inertia torque that act on the gravity of the 
stator side member RM1 composing the rod RDj and the resultant i T2j, in the Xj Yj Zj 
coordinate system, of the applied-force vector and the inertia torque that act on the 
gravity of the mover side member RM2 composing the rod RDj are obtained. 

Next, using the instructing value tj of thrust for each rod RDj as a parameter and 
employing driven-body's Jacobian matrix, an equation of motion is established. Also, by 
solving that equation, the instructing value Xj of thrust for each rod RDj is obtained. Note 
that the instructing value Xj of thrust can be calculated by applying Gauss elimination to 
the equation of motion. 

That is, the instructing value Xj of thrust depends on the reverse transform of the 
driven-body's Jacobian matrix. Therefore, because, when the driven body comes close to 
a singular point of the reverse transform, a value calculated as the instructing value x* of 
thrust becomes unstable, it is necessary to monitor the amount of the 
expansion/contraction, and velocity and acceleration of each rod RDj all the time. 

As described above, a voltage conversion portion 310 converts the instructing 
value Xj of thrust for each rod RDj obtained by the reverse-dynamics analyzing portion 
308 into a voltage supplied to each rod RDj. The voltage is supplied to the 
electromagnetic actuator (corresponding to the shaft motor 92 in FIG. 3) of each rod RDj 
via a voltage adder 322 and first-order delay portion 312. Also, by the rod RDj 
expanding or contracting according to the voltage, the driven body 316 (i.e. the above 
driven body S (corresponding to the wafer base level block 38, etc.)) is driven in three 
degrees of freedom 0x,j6 , Z. 

Note that taking into account time delay in the delay portion 3 12 and the driven 
body 3 1 6, a controller 3 1 8 generates and supplies a voltage according to the difference 
between the position/attitude setting values in the position/attitude setting portion 306 and 
the position/attitude values measured by a stage system sensor 320 (corresponding to the 
focus sensor 73 in FIG. 1) to the voltage adder 322. Furthermore, taking the above time 
delay into account, a controller 324 generates and supplies a voltage according to the 
difference between the length of each rod RDj calculated by the reverse-dynamics 
analyzing portion 308 and the length of each rod RDj measured by a rod system sensor 
326 (corresponding to the linear encoder 95) to the voltage adder 322. By this 
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compensated voltage for each rod generated by the controller 318, 324, the delay in 
control by the delay portion 312 or the driven body 316 is compensated for. 

In FIG. 8, the structure of the control system of the exposure apparatus 10 is 
schematically shown. The control system of FIG. 8 comprises the main controller 50 and 
the stage controller 52, each of which is composed of a microcomputer or a workstation, 
as a main portion. Note that the main controller 50 and the stage controller 52 comprise 
the acceleration-setting portion 302, the velocity-setting portion 304, the 
position/attitude-setting portion 306, the reverse-dynamics analyzing portion 308, the 
voltage conversion portion 310, and the controllers 318, 324 and control the reticle base 
level block 12 and the wafer base level block 38 using the principle of the driving control 
by the above parallel link mechanism on the basis of the detection results by the reticle 
interferometer 24R, the wafer interferometer 24 W, the focus sensor 73, and the linear 
encoder 95. 

Next, the exposure operation by the exposure apparatus 10 of the present 
embodiment, which is constituted in the manner described above, will be described below 
with referring to FIG. 8 and the like. 

Assume that, as a premise, the above initial setting of the projection optical 
system PL is completed using the third mechanism composing the parallel link 
mechanism 74. 

First, after preparation such as reticle alignment and base line measurement using 
a reticle microscope (not shown), an off-axis alignment sensor (not shown), and the like, 
a fine alignment (EGA (enhanced global alignment), etc.) of a wafer W using the 
alignment sensor is completed, and then the arrangement coordinates of a plurality of 
shot areas on the wafer are obtained. Incidentally, the details of the above preparation of 
such as reticle alignment and base line measurement are disclosed in Japanese Patent 
Laid-Open No. 4-324923, U.S. Pat. No. 5,243,195 corresponding thereto, and the like, 
and the details of the EGA are disclosed in Japanese Patent Laid-Open No. 61-44429, 
U.S. Pat. No. 4,780,617 corresponding thereto, and the like. The disclosures in the above 
Japanese Patent Laid-Opens and U.S. patents are incorporated herein by this reference as 
long as the national laws in designated states or elected states, to which this international 
application is applied, permit. 
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Next, according to the instructions from the main controller 50, the stage 
controller 52 moves the reticle stage RST via the reticle driver 14 while monitoring the 
measurement values of the reticle laser interferometer 24Ry b 24Ry 2 , 24Rx, and the 
reticle is positioned at a scanning start position in the Y direction. In the same manner as 
this, according to the instructions from the main controller 50, the stage controller 52 
moves the wafer stage WST via the wafer driver 40 while monitoring the measurement 
values of the wafer laser interferometer 24Wyl, 24Wy2, 24 Wx, and a corresponding shot 
area on the wafer is positioned at a scanning start position in the Y direction. 

Then the stage controller 52 moves the reticle stage RST and the wafer stage 
WST respectively via the reticle driver 14 and the wafer driver 40 in mutually opposite 
directions at a velocity ratio corresponding to the projection magnification, and scanning 
exposure is performed. 

By the above operation, one-scan exposure (one shot exposure) of the reticle R is 
completed. 

Next, according to the instructions from the main controller 50, the stage 
controller 52 steps the wafer stage WST by one row of shot areas in the X direction and 
scans the wafer stage WST and the reticle stage RST each in an opposite direction to their 
previous direction, and performs scanning exposure onto other shot areas on the wafer. 

During the above scanning exposure, using the above driving control principle, on 
the basis of the measurement results of focus and leveling in the exposure area on the 
wafer, the main controller 50 controls the expansions/contractions of the first rods 78i to 
783 via the stage controller 52 and respectively via the first expansion mechanisms 94j to 
943 composing the parallel link mechanism 74 and controls the position/attitude in three 
degrees of freedom Z, 0x, 0y of the wafer stage WST via the wafer base level block 38 so 
that the exposure areas are kept within the range of the focus depth of the projection 
optical system. That is, in this manner, the main controller 50 adjusts the relative 
positions in three degrees of freedom Z, 0x,)6 of the projection optical system PL and 
the wafer W (the wafer stage WST), in other words, precisely performs a focus leveling 
control to prevent the deterioration of pattern transferred images due to defocus as much 
as possible. 

Furthermore, during the above scanning exposure, using the above driving control 
principle, on the basis of the position/attitude detection information of the reticle base 
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level block 12 reported from the stage unit 52 in real time, the main controller 50 
feedback-controls the stage controller 52 and the second expansion mechanisms 1 1 2 1 to 
1 123 composing the parallel link mechanism 74, and controls the expansions/contractions 
of the second rods 104i to 104 3 and the position/attitude, in three degrees of freedom Z, 
0x, 8y, of the reticle base level block 12 to keep the position/attitude, in three degrees of 
freedom Z, 0x, 9y, of the reticle stage RST at a desirable state all the time. That is, in this 
way, the main controller 50 adjusts the relative position, in three degrees of freedom 9x, 
0y, Z, of the reticle stage RST with respect to the projection optical system PL. 
Therefore, even when an offset load due to the movement of the reticle stage RST is 
exerted on the reticle base level block 12, the transfer position deviations, image blurs, 
etc., of the pattern-transferred image are effectively suppressed. 

As described above, in the exposure apparatus 10 of the present embodiment, by 
the expandable first rods 78i to 78 3 composing the first mechanism of the parallel link 
mechanism 74 controlled by the main controller 50, the position/attitude, in three degrees 
of freedom 9x, 9y, Z, of the wafer base level block 38 can be controlled. Therefore, the 
position/attitude, in three degrees of freedom 0x, 9y, Z, of the wafer stage WST levitated 
above the wafer base level block 38 can be precisely controlled with desirable 
operational-characteristics and high rigidity. That is, in the exposure apparatus 10 
without a Z-tilt driving mechanism on the wafer stage WST, by the expandable first rods 
781 to 783, the Z-tilt driving of the wafer W held on the wafer stage WST and the relative 
position, in three degrees of freedom 9x, 9y, Z, of the wafer with respect to the projection 
optical system PL, i.e. focus leveling, can be precisely controlled with desirable 
operational-characteristics and high rigidity. In this case, the three first rods 78] to 78 3 
support the wafer base level block 38 to be independent of the projection optical system 
PL. Therefore, even when the wafer base level block 38 vibrates due to the reaction to 
the driving force upon the drive of the wafer stage WST, the vibration hardly transmits to 
the projection optical system PL. Also, in this case, because the Z-tilt driving mechanism 
is unnecessary, it is possible to make the wafer stage WST more lightweight, and the 
driving force and driving reaction upon driving the wafer stage WST on the wafer base 
level block 38 by the wafer driver 40 comprising a planar motor can be reduced. 

Furthermore, in the exposure apparatus 10 of the present embodiment, the 
exposure main portion controls the position/attitude, in three degrees of freedom Z, 9x, 
9y, of the reticle base level block 12 by the expandable second rods 104i to 104 3 
composing the second mechanism of the parallel link mechanism 74 controlled by the 
main controller 50. Therefore, the position/attitude, in three degrees of freedom 9x,j8 , 
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Z, of the reticle stage RST levitated above the reticle base level block 12 can be precisely 
controlled with desirable operational-characteristics and high rigidity. That is, in the 
exposure apparatus 10, without a Z-tilt driving mechanism between the reticle stage RST 
and the reticle base level block 12, or on the reticle stage RST, the Z-tilt driving of the 
reticle R held on the reticle stage RST and the relative position, in three degrees of 
freedom 0x, Gy, Z, of the reticle with respect to the projection optical system PL, i.e. 
focus leveling, can be precisely controlled by the expandable second rods 104i to 104 3 
with desirable operational-characteristics and high rigidity. Therefore, the deterioration 
of pattern images due to reticle R's defocus caused by an offset load, etc., exerted on the 
reticle base level block 12 upon the movement of the reticle stage RST can be prevented. 
In this case, the three second rods 104i to 104 3 support the reticle base level block 12 to 
be independent of the projection optical system PL. Therefore, even when the reticle 
base level block 12 vibrates due to the reaction to the driving force upon the drive of the 
reticle stage RST, the vibration hardly transmits to the projection optical system PL. 
Also, in this case, because the Z-tilt driving mechanism is unnecessary, it is possible to 
make the reticle stage RST more lightweight, and the driving force and driving reaction 
upon driving the reticle stage RST on the reticle base level block 12 by the reticle driver 
14 comprising a linear motor can be reduced. 

Also, in this case, the wafer stage WST, the reticle stage RST, and the projection 
optical system PL can be easily sealed from one another and easily maintained. 

In the present embodiment, a focus sensor 73 and a wafer laser interferometer 
24W fixed on the projection optical system PL constitute a position detector to detect the 
relative position, in six degrees of freedom, of the wafer W and the projection optical 
system. In the present embodiment, as described above, the driving reactions exerted on 
the wafer stage WST and the reticle stage RST are prevented from transmitting to the 
projection optical system PL. Therefore, with the position detector (the focus sensor 73 
and the wafer laser interferometer 24W) fixed on the projection optical system PL, it is 
possible to precisely detect the positional relationship between the projection optical 
system PL and the wafer W. 

Furthermore, a position detector to detect the relative position, in six degrees of 
freedom, between the reticle stage RST and the projection optical system PL comprises 
the reticle interferometers 24Ryi, 24Ry 2 , 24Rx that illuminate a movable mirror 22R 
provided on the reticle stage RST with a length measuring beam and detect the position, 
in three degrees of freedom 9x, 0y, Z, of the reticle stage RST, and the first to third 
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interferometers 30i to 3O3 that illuminate a mirror 28 fixed on the reticle base level block 
12 with a length measuring beam and detect the position, in three degrees of freedom 0x, 
9y, Z, of the reticle base level block 12. In this case, the driving reactions exerted on the 
wafer stage WST and the reticle stage RST are prevented from transmitting to the 
projection optical system PL. Therefore, with the position detector (interferometers 
24Ryi, 24Ry 2 , 24Rx, 30j to 30 3 ) fixed on the projection optical system PL, it is possible 
to precisely detect the positional relationship between the projection optical system PL 
and the reticle stage RST. 

Furthermore, in the exposure apparatus 10 of the present embodiment, the first 
expansion mechanisms 94\ to 94 3 and the second expansion mechanisms 1 12i to 1 12 3 
that are respectively arranged in the first rods 78 1 to 78 3 and the second rods 104i to 104 3 
each comprise the air cylinder 84 and the shaft motor 92, a kind of electromagnetic linear 
motor, that are arranged mutually in series (or in parallel). Therefore, the main controller 
50 can drive the reticle base level block 12 coarsely and by larger distances by controlling 
the air pressure of the air cylinder 84, and also finely by the shaft motor 92. As a result, 
the main controller 50 can precisely adjust the positions/attitudes, in three degrees of 
freedom Z, 8x, 0y, of the wafer stage and the reticle stage, and then their relative 
positions with respect to the projection optical system PL in three degrees of freedom Z, 
6x, 9y in a short time. That is, it is possible to perform a precise focus leveling operation 
in a short time. 

Furthermore, because the first rods 78i to 78 3 and the second rods 104i to 104 3 
each comprise the air pad 96 to support the magnetic pole unit 90 as the mover of the 
shaft motor 92 with respect to the armature unit 88 as its stator in a non-contact manner, 
in controlling the expansions and contractions of rods by the first and second expansion 
mechanisms, friction that works as a non-linear component can be avoided. Therefore, 
the positions/attitudes, in three degrees of freedom Z, 9x, 9y, of the wafer stage WST and 
the reticle stage RST can be more precisely controlled respectively via the wafer base 
level block 38 and the reticle base level block 12. 

Moreover, in the exposure apparatus 10 of the present embodiment, the shaft 
motors 92's are employed as electromagnetic linear motors composing the first expansion 
mechanisms 94 1 to 94 3 , the second expansion mechanisms 1 12i to 1 12 3 , and the third 
expansion mechanisms 126i to 126 3 , and in this shaft motor 92, the magnetic pole unit 90 
including cylindrical magnets in its mover side is employed. Therefore, magnetic flux 
(magnetic field) is generated radially and in all directions, and this exposure apparatus 
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can have the whole magnetic flux in all directions contribute to the generation of Lorentz 
force (driving force) by an electromagnetic interaction. Also, then, much larger thrust 
can be generated compared with a usual linear motor, etc., and it is possible to make it 
smaller than a hydraulic cylinder, etc. 

Therefore, the parallel link mechanism 74 where rods each comprise the shaft 
motor 92 is preferably applied to the exposure apparatus 10 because its miniaturization 
and lightening, and the improvement of its output are realized at the same time. 

Moreover, in the exposure apparatus 10 of the present embodiment, the main 
controller 50 can statically adjust the relative position, with respect to the projection 
optical system PL, of at least one of the wafer base level block 38 and the reticle base 
level block 12 by using the air cylinders 84's composing the first and second expansion 
mechanisms, and suppress vibrations by using the shaft motors 92's. Therefore, it is 
possible to adjust at least one of both stages WST, RST with respect to the projection 
optical system PL via at least one of the wafer base level block 38 and the reticle base 
level block and to suppress the vibrations of the wafer base level block 38 and the reticle 
base level block 12, which are caused by the expansions/contractions of the respective 
rods and the reactions due to the drives of the stages. 

Furthermore, with the main controller 50, it is possible to suppress low-frequency 
vibrations by controlling the air pressures of the air cylinders 84's composing the first and 
second expansion mechanisms and to insulate high-frequency vibrations by controlling 
the currents of the shaft motors 92's. Therefore, it is possible to suppress the low- 
frequency vibrations of the wafer base level block 38 and the reticle base level block 12 
due to the reactions to the drives of the stages and to insulate fine vibrations, high- 
frequency vibrations, from the floor surface. 

Furthermore, the exposure apparatus 10 of the present embodiment comprises a 
reticle room 18 containing the reticle stage RST and partially including the reticle base 
level block 12, the lens room 32 containing the projection optical system PL, the wafer 
room 44 containing the wafer stage WST and partially including the wafer base level 
block 38, and the chamber 46 including expandable bellows-like members 34, 36 
respectively linking the reticle room 18 and the lens room 32, and the lens room 32 and 
the wafer room 44 to isolate the wafer stage WST, the projection optical system PL, and 
the reticle stage RST from the outside atmosphere. Therefore, by the parallel link 
mechanism 74, the positions/attitudes, in three degrees of freedom Z, 9x,j6 , of the wafer 
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base level block 38 and the reticle base level block 12 can be adjusted without any 
troubles. Moreover, because the wafer stage WST, the projection optical system PL, and 
the reticle stage RST are isolated from the outside atmosphere by the chamber 46, by 
filling the inside of the chamber 46 with a gas such as nitrogen (N 2 ) or helium (He), it is 
possible to transfer a fine pattern on the reticle onto the wafer using the ArF excimer laser 
or a vacuum ultraviolet having a shorter wavelength such as F2 laser light. 

With the exposure apparatus 10 of the present embodiment, with a number of 
schemes described above, it is possible to improve the lightening and the position 
controllability of the wafer stage WST and the reticle stage RST, and the exposure 
apparatus is excellent in the characteristics of suppressing vibrations of its units and 
isolating vibrations of the floor, has a large number of the degrees of freedom in adjusting 
the stages that can be separated from each other, and can perform exposure with high 
resolution with using F 2 laser light or an energy beam of a shorter wavelength in the 
atmosphere filled with a gas such as helium. Also, it is possible to manufacture highly 
integrated semiconductor devices, which have finer line widths, with high yield. 

Incidentally, the above embodiment described the case where the projection 
optical system PL is supported by the three third rods 1 181, 1 18 2 , 1 18 3 composing the 
third mechanism of the parallel link mechanism. This is because the initial adjustment of 
the projection optical system PL can be easily done by individually controlling the third 
expansion mechanisms 126i, 126 2 , 126 3 to respectively expand/contract the third rods 
1 181, 1 18 2 , 1 18 3 . However, because the projection optical system PL does not 
intrinsically need the change of its position/attitude afterward once its position/attitude is 
set at a desirable state, a supporting mechanism to support the projection optical system 
PL to be fixed on the floor surface FD may be provided instead of the third mechanism. 
Even in this case, because the positions/attitudes, in three degrees of freedom Z, 9x, 0y, 
of the wafer stage WST and the reticle stage RST, the positional relationships, in three 
degrees of freedom Z, 9x, 0y, of the wafer W and retcile R with respect to the projection 
optical system PL are adjustable. 

Also, in the above embodiment, the third expansion mechanisms 126i to 126 3 
each have the air cylinder and shaft motor, however, the third expansion mechanisms 
may each have only the air cylinder. Even in this case, the initial position/attitude of the 
projection optical system PL can be easily adjusted by adjusting the inside pressure of the 
air cylinder. 
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Furthermore, in the above embodiment, bilaterally telecentric optical-system is 
employed as the projection optical system PL. However, the present invention is not 
limited to this, not to mention. For example, as the projection optical system, an optical 
system that is non-telecentric in its object side may be employed. In such an optical 
system non-telecentric in its object side, although the defocus of the reticle R is one 
factor of the deviation of transfer position of the pattern image, the deviation of transfer 
position of the pattern image due to the defocus of the reticle R can be prevented because, 
in the above embodiment, the position, in three degrees of freedom Z, 0x,)6 , of the 
reticle R is controlled in the above manner. 

Incidentally, in the above embodiment, the case where the first base members 76 1, 
76 2 , 76 3 , the second base member 102, and the third base members 1 14 h 1 14 2 , 1 14 3 each 
are individual members was described. However, at least either the first base members or 
the third members may be one common member, or at least any two out of the first, 
second and third base members may be one common member. That is, all of the first, 
second and third base members may be one common member, or the first and second, the 
second and third, or the first and third base members may be one common member. 

Moreover, in the above embodiment, the case was described where a stage is 
mounted both the wafer base level block 38 and the reticle base level block 12. However, 
a plurality of stages may be mounted at least either on the wafer base level block 38 or on 
the reticle base level block 12. For example, in a case where a plurality of wafer stages 
WST are mounted on the wafer base level block 38, during the exposure operation of one 
wafer on the wafer stage, change of wafers on another wafer stage, or other operations 
such as the detection of wafer alignment marks can be simultaneously performed. 
Therefore, the throughput can be improved compared with a case of having only one 
wafer stage. Also, for example, in a case where a plurality of reticle stages RST are 
mounted on the reticle base level block 12, because reticles can be changed by 
exchanging the positions of those plurality of reticle stages, it is possible to improve the 
throughput of such multi-exposure using a plurality of reticles as double exposure. 
Especially, in a case where a plurality of wafer stages WST and reticle stages RST are 
provided, during multi-exposure of a wafer on one wafer stage, such other operations as 
wafer change on another wafer stage and the detection of wafer alignment marks can be 
simultaneously performed. Therefore, such multi exposure using a plurality of reticles as 
double exposure can be performed with a high throughput. 



WO 01/22480 



56 



PCT/JP99/05102 



Moreover, in the above embodiment, the case is described where the wafer base 
level block 38 and the reticle base level block 12 are respectively supported by the first 
mechanism and the second mechanism of the parallel link mechanism 74 so as to be 
controllable in their attitudes. However, the present invention is not limited to this, not to 
mention. That is, only one of the wafer base level block 38 and the reticle base level 
block 12 may be supported by the parallel link mechanism. Even in such a case, the 
position/attitude of a level block, which is supported by the parallel link mechanism and 
serves as an end-effector of the parallel link mechanism, can be controlled in the same 
manner as above, and as a result, the above effects are obtained. 

Furthermore, the structure of the chamber 46 described in the above embodiment 
shows only one example, and the present invention is not limited to this, not to mention. 
That is, in the exposure apparatus of the present invention, any chamber can be used 
which contains at least one portion of the exposure apparatus's main portion (the reticle 
stage RST, the projection optical system PL, the wafer stage WST, etc.), which are 
supported by the parallel link mechanism, to be isolated from the outside atmosphere and 
allows the change of its attitude. In such a case, a portion of the exposure apparatus's 
main portion supported by the parallel link mechanism can be made lightweight by using 
the advantages of the parallel link mechanism, and its attitude can be precisely controlled 
with desirable operational-characteristics and high rigidity. Also, because the chamber 
houses at least one portion of the exposure apparatus's main portion to be isolated from 
the outside atmosphere and allowed to change its attitude, it is possible to transfer a fine 
pattern on the reticle onto the wafer using the ArF excimer laser or a vacuum ultraviolet 
having a shorter wavelength such as F 2 laser light by filling the inside of the chamber 
with a gas such as nitrogen (N2) or helium (He). 

Furthermore, in the above embodiment, at least a portion of the illumination 
optical system IOP may be supported by the parallel link mechanism. 

Second Embodiment 

A second embodiment of the present invention will be described below with 
referring to FIGS. 9 to 17. Hereafter, the same or equivalent elements to those of the 
above first embodiment are represented by the same numbers, and for each of them, a 
brief or no description will be presented. 

Moreover, the first and second embodiments can be employed in combination as 
the need arises. 
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FIG. 9 schematically shows an exposure apparatus 130 according to the second 
embodiment. This exposure apparatus is a scanning-type exposure apparatus based on a 
step-and-scan method, i.e. a scanning stepper, which transfers a pattern on a reticle onto a 
plurality of shot areas on a wafer while illuminating the reticle as a mask with an 
exposure illumination light EL and synchronously moving the reticle and the wafer as a 
substrate in a predetermined direction (hereafter, set to be Y axis direction perpendicular 
to the drawing of FIG. 9). 

In this exposure apparatus 130, a reticle stage RST as a mask stage and a stage 
that is triangle in a planar view and serves as a substrate or wafer stage are employed, and 
its feature is that these stages are controlled in the six degrees of freedom X, Y, Z, 0x, 6y, 
Gz by the parallel link mechanism. 

This exposure apparatus 130 comprises an illumination optical system IOP, the 
reticle stage RST holding the reticle R, the wafer stage WST holding the wafer W, a first 
parallel link mechanism 132 including the wafer stage WST as an end-effector, a second 
parallel link mechanism 134 including the reticle stage RST as an end-effector, and the 
like. 

The first parallel link mechanism 132 comprises, as shown in FIG. 10, a first base 
member 136 that is almost horizontally arranged on the floor surface FD of a clean room 
and shaped in a regular hexagon; six expandable first rods 178i to 1786 that each link the 
first base member 136 and the wafer stage; and first expansion mechanisms 194i to 194 6 
(not shown in FIG. 9; refer to FIG. 17) that are mounted respectively in the first rods 
178i, to 1786 and each expand/contract their first rod. 

As the first rods 178i to 178 6 , rods each comprising a first axis member and a 
second axis member that can relatively move in their axis direction in the same manner as 
the first rod 781 in the above first embodiment are used. Also, the first axis member and 
second axis member composing each of the first rods 178i to 178 6 are relatively driven by 
respective one of first expansion mechanisms 194! to 194 6 that are the same as the first 
expansion mechanism 94i consisting of the air cylinder and shaft motor. Also, linear 
encoders 95 1 to 95 6 (refer to FIG. 17), each of which employs a Hall device to detect the 
amount of movement of a magnetic pole unit with respect to an armature unit in a shaft 
motor composing respective one of the first expansion mechanisms 194| to 1946, and air 



WO 01/22480 



58 



PCT/JP99/05102 



pads to levitate and support the magnetic ole unit with respect to the armature unit in a 
non-contact manner are mounted in the first rods 178i to 1786- 

In this case, as is obvious in FIG. 10, the both sides of each of the first rods 178i 
to 1786 are connected respectively to the first base member 136 and the wafer stage WST 
via universal joints 138's. Also, the first rods 178i, 178 2 are connected around a vertex of 
the triangle wafer stage WST, and the first base member 136 and the first rods 178i, 1782 
form an almost triangle. In the same manner as this, the rods 1783, 1784 and the rods 
178 5 , 178 6 are respectively connected around the other vertices of the triangle wafer stage 
WST, and the first base member 136 and the rods 178 3 , 178 4 , and the first base member 
136 and the rods 178 5 , 178 6 each form an almost triangle. 

The main controller 50 receives the outputs of the linear encoders 95 1 to 95 6 and 
controls the first expansion mechanisms 194i to 194 6 on the basis of the outputs of the 
linear encoders 95 1 to 95 6 via the stage controller 52 (refer to FIG. 17). 

Referring back to FIG. 9, the projection optical system PL is held on a lens-barrel 
level block 144 almost horizontally supported via four columns 140 fixed on the floor 
surface FD and vibration preventing units 142 mounted on the columns 140. 

The lens-barrel level block 144 is constituted of, e.g., castings, and an circular 
opening in a planar view is formed in its center and the projection optical system PL is 
inserted into the opening from above such that its optical axis coincides with the Z axis 
direction. On the periphery of the projection optical system PL, a flange FLG, which is 
integrated with the lens-barrel, is provided. As a material of this flange FLG, a material 
of low thermal expansion such as inver (an iron-alloy with nickel 36%, manganese 
0.25%, and a small amount of carbon and other elements) is used, and this flange FLG 
composes a kinematic supporting mount supporting the projection optical system PL 
against the lens-barrel level block 144 at three points via points, surfaces, and V-shape 
grooves. By using such a kinetic supporting structure, it is easy to attach the projection 
optical system PL to the lens-barrel level block 144, and there is also an advantage that 
after the attachment, stress due to vibrations, the temperature changes, attitude changes, 
and the like of the lens-barrel level block 144 and the projection optical system PL can be 
reduced most effectively. 

In this case, the vibration-preventing unit 142 insulates fine vibrations transmitted 
from the floor surface to the lens-barrel level block 144 at micro G level. In the present 
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embodiment, the supporting column 140, the vibration-preventing unit 142, and the lens- 
barrel level block 144 compose a supporting mechanism to fix and support the projection 
optical system PL on the floor surface FD where the main portion of the exposure 
apparatus is arranged. 

On the wafer stage WST, the wafer W is held by chucking, and the position of the 
wafer stage in X-Y plane is detected with resolution of 0.5 to 1 nm by the wafer laser 
interferometer system consisting of the three interferometers 24Wxj, 24Wx 2 , 24 Wy 
shown in FIG. 1 1 . 

To be more specific, the interferometer 24Wxi is fixed on the lens-barrel level 
block 144 and hangs from it. Also, a first reflection surface 146a formed on the side 
surface of the wafer stage WST is vertically illuminated with measurement beams WIX1, 
WIX3 in a direction forming a predetermined angle 9i (hereafter, +60°) with respect to 
the Y axis. The measurement beam WEX1 is shined toward the optical axis of the 
projection optical system PL. A fixed mirror Mwl, on which a reference beam 
corresponding to this measurement beam WEX1 is incident, is fixed on the side surface of 
the projection optical system PL (refer to FIG. 9), and the measurement beam WIX3 is 
shined toward the detection center of an off-axis-alignment detection system ALG. A 
fixed mirror (not shown) on which a reference beam corresponding to this measurement 
beam WIX3 is incident is fixed on the side surface of an off-axis-alignment detection 
system ALG. 

Furthermore, the interferometer 24Wx 2 is fixed on the lens-barrel level block 144 
and hangs from it. Also, a third reflection surface 146c formed on the side surface of the 
wafer stage WST is vertically illuminated with measurement beams WIX2, WEX4 in a 
direction forming a predetermined angle 6 2 (hereafter, -60°) with respect to the Y axis. 
The extension line of the optical path of the measurement beam WIX2 crosses the 
extension line of the exposure light of the measurement beam WIX1 . A fixed mirror 
Mw2, on which a reference beam corresponding to this measurement beam WEX2 is 
incident, is fixed on the side surface of the projection optical system PL (refer to FIG. 9), 
and the extension line of the optical path of the measurement beam WEX4 crosses the 
extension line of the optical path of the measurement beam WIX3 at the center of the off- 
axis-alignment detection system ALG. A fixed mirror (not shown) on which a reference 
beam corresponding to this measurement beam WIX4 is incident is fixed on the side 
surface of an off-axis-alignment detection system ALG. 
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Moreover, the interferometer 24 Wy is fixed on the lens-barrel level block 144 and 
hangs from it. Also, a second reflection surface 146b formed on the side surface of the 
wafer stage WST is vertically illuminated with measurement beams WIY1, WIY2 in the 
Y axis direction. These measurement beams WIY1, WIY2 pass along optical paths 
bilaterally symmetric with respect to the Y axis between the optical axis of the projection 
optical system PL and the detection center of the alignment detection system ALG. A 
fixed mirror (not shown) on which reference beams corresponding to these measurement 
beams WIY1, WIY2 are incident is fixed on the side surface of the projection optical 
system. 

The measurement values of the above interferometers 24Wx !s 24Wx 2 , 24 Wy are 
supplied to the stage controller 52 and then the main controller 50 (refer to FIG. 17). The 
stage controller 52 calculates the Y position of the wafer stage WST on the basis of the 
average value of measurement values by the measurement beams WIY1, WIY2 of the 
interferometer 24 Wy, and calculates the 0z rotation (yawing) of the wafer stage WST on 
the basis of the difference of the above two measurement values and the distance between 
the measurement axes. 

Furthermore, the stage controller 52 calculates the X position of the wafer stage 
WST on the basis of a measurement value XI of the interferometer 24Wxi and a 
measurement value X2 of the interferometer 24Wx 2 using the following equation (33). 

X~ {(X 1 / I s I n 0 , } > 

- (X2/| i ln« l |)}/2 (33) 

Because | sinBi | = | sin9 2 1 = I sin6 | ,the X coordinate position of the wafer stage 
WST is given by 

X=(Xl-X2)/(2sinfi) -(3 3') 

Note that because it is important to avoid a so-called Abbe error, upon exposure 
operation, the stage controller 52 calculates the X position of the wafer stage WST using 
the above equation (33') on the basis of the measurement values by the measurement 
beams WEX1, WIX2 shined from the interferometers 24Wxi, 24Wx 2 toward the optical 
axis of the projection optical system PL, and upon alignment, calculates the X position of 
the wafer stage WST using the above equation (33') on the basis of the measurement 
values by the measurement beams WEX3, WIX4 shined from the interferometers 24Wxi, 
24Wx 2 toward the detection center of the alignment detection system ALG. 



WO 01/22480 



61 



PCT/JP99/05102 



The positional information, in the degrees of freedom X, Y, 6z, of the wafer stage 
WST obtained above is reported from the stage controller 52 to the main controller 50 in 
real time. 

Incidentally, in the present embodiment, it is preferable to compose the 
interferometer having a measurement axis corresponding to each of measurement beams 
to have a so-called double-path structure so as to prevent fine yawing (8z rotation) of the 
wafer stage from affecting the accuracy of exposure, and it is also preferable to 
compensate for a so-called Abbe error due to the difference in height between the 
interferometer measurement axis and the surface of the wafer W. Specifically, it is 
preferable to make other measurement beams incident, for example, below or above the 
measurement beams WIX1, WIX2 and WIY1 (or WIY2), measure the pitching and 
rolling of the wafer stage WST, and correct X-Y position information of the wafer stage 
WST calculated above on the basis of these results. 

On the upper surface of the wafer stage WST, as shown in FIG. 1 1, a reference 
mark plate FM where reference marks for base line measurement and other reference 
marks of the alignment detection system are formed is arranged. 

Referring back to FIG. 9, the second parallel link mechanism 134 is mounted on a 
gate-shape frame 152 constituted of a pair of vertical members 148 A, 148B and a 
horizontal plate 150 supported by these vertical members 148A, 148B. The horizontal 
plate 150 has an opening in a predetermined shape formed in its almost center. 

The second parallel link mechanism 134 is structured in the same way as the first 
parallel link mechanism 132. That is, the second parallel link mechanism 134 comprises 
a second base member 154 that is arranged on the gate-shape frame 152, has an opening, 
which is almost equal to the opening of the horizontal plate 150 in shape and size, formed 
in its center, and is shaped in a regular hexagon; six expandable second rods 179i to 179 6 
that each link the second base member 154 and the reticle stage RST via their universal 
joints; and second expansion mechanisms 195| to 195 6 (not shown in FIG. 9; refer to 
FIG. 17) that are mounted respectively in the second rods 179i to 179e and each 
expand/contract their second rod. As the second rods 179i to 179 6 , rods having the same 
structure as the first rod 781 are employed, and as the second expansion mechanisms 195 1 
to 1956, mechanisms having the same structure as the first expansion mechanism 94i are 
employed. Linear encoders 95 7 to 95 n each of which employs a Hall device to detect the 
amount of movement of a magnetic pole unit with respect to an armature unit in shaft 
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motor composing respective one of the first expansion mechanisms 195| to 1956, and air 
pads to levitate and support the magnetic pole unit with respect to the armature unit in a 
non-contact manner are mounted in the second rods 179i to 1796. 

The output of the linear encoders 957 to 95 12 are supplied to the main controller 
50, and based on the output of the linear encoders 95 7 to 95 \ 2 , the main controller 50 
controls the second expansion mechanisms 195i to 195 6 via the stage controller 52 (refer 
to FIG. 17). 

The position of the reticle stage RST in the X-Y plane is detected by three 
interferometers 24Rxi, 24Rx 2 , 24Ry (the interferometer 24Ry located at the back of the 
drawing is not shown in FIG. 9; refer to FIG. 17) fixed on the horizontal plate 150 of the 
gate-shape frame 152, e.g., with resolution of 0.5 to 1 nm. This position is detected with 
fixed mirrors Mr u Mr 2 , Mr 3 (the mirror Mr 3 located at the back of the drawing is not 
shown) as references fixed on the side surface of the lens-barrel of the projection optical 
system PL. In the same way as the above, the stage controller 52 calculates the position, 
in the degrees of freedom X, Y, 9z, of the reticle stage RST, and the positional 
information, in the degrees of freedom X, Y, 6z, of the reticle stage RST is reported from 
the stage controller 52 to the main controller 50 in real time. 

As the alignment detection system ALG, for example, an imaging-type alignment 
sensor is employed which illuminates alignment marks (or the reference mark plate FM) 
on the wafer with a broad band light, receives its reflection light, and detects the marks 
by image processing. The details of such an imaging-type alignment sensor are disclosed 
in Japanese Patent Laid-Open No. 7-321030, U.S. Pat. No. 5,721,605 corresponding 
thereto, and the like. The disclosures in the above Japanese Patent Laid-Open and U.S. 
patent are incorporated herein by this reference as long as the national laws in designated 
states or elected states, to which this international application is applied, permit. 

The measurement values of the alignment detection system ALG are supplied to 
the main controller 50 (refer to FIG. 17). 

Incidentally, as the alignment detection system ALG, an alignment sensor of LIA 
(Laser Interferometric Alignment) method may be used which illuminates grating marks 
on a wafer with a laser light in two directions, has their diffracted lights interfere with 
each other, and detects the positions of the grating marks on the basis of the phase of the 
interfered light. 
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Furthermore, a focus sensor 73 (73a, 73b) is arranged on the side surface of the 
projection optical system PL; the outputs of the focus sensor 73 are supplied to the stage 
controller 52, and the stage controller 52 calculates the relative position, with respect to 
the projection optical system PL, of the wafer in the degrees of freedom Z, 0x, 8y, 
specifically, Z position (an amount of defocus), 9x rotation (an amount of pitching), 0y 
rotation (an amount of rolling), of the exposure area on the wafer surface on the basis of 
the outputs of the focus sensor 73. These results, i.e. focus leveling measurement results, 
of the exposure area of the wafer are reported to the main controller 50 in real time. 

Moreover, a focus sensor 173 (not shown in FIG. 9; Refer to FIG. 17) that is a 
multi focal position detection system, being the same as the focus sensor 73, and detects 
Z position of the pattern surface of the reticle with respect to the projection optical system 
PL is arranged around the reticle stage RST, and the output of the focus sensor 173 is 
supplied to the stage controller 52. Then the stage controller 52 calculates the relative 
position, with respect to the projection optical system PL, of the reticle in the degrees of 
freedom Z, 0x, 0y, in other words, Z position (an amount of defocus), 0x rotation (an 
amount of pitching), 0y rotation (an amount of rolling), of the pattern surface of the 
reticle on the basis of the outputs of the focus sensor 173. These results, i.e. focus 
leveling measurement results, of the reticle are reported to the main controller 50 in real 
time. 

Next, the principle of controlling the position/attitude of a driven body in the six 
degrees of freedom X, Y, Z, 0x,)9 , 0z by a driving system that has six rods like the 
parallel link mechanism of the present embodiment will be described below. 

As such a driving system, consider a driving system, as schematically shown in 
FIG. 12, comprising a stationary member T, a driven body S, a stator side member RM1, 
a mover side member RM2 and expandable rods RD t (i=one to six) linking six points A\ 
(i=one to six) of the stationary member T and six points Bj (i=one to six) of the driven 
body S. Hereafter, six points A { (i=one to six) are located in one plane and a stationary 
coordinate XYZ is so defined that that plane is its X-Y plane and the center of those 
points is its origin O, and six points Bj (i=one to six) are located in one plane and a 
stationary coordinate UY W is so defined that that plane is its U-V plane and the center of 
those points is its origin P. Note that the expansion/contraction of each rod RDj is 
generated by its mover side member RM2 moving along the straight line between the 
point Aj and the point Bj. 
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In the present embodiment, in the driving system of FIG. 12, a control system, the 
block diagram of which is obtained by extending that in FIG. 5 for the three degrees of 
freedom into the six degrees of freedom, controls the position/attitude in the six degrees 
of freedom X, Y, Z, 0x, 0y, 0z. 

That is, initial values of the velocity-setting portion 304 and the position/attitude- 
setting portion 306 are set to current values for the position/attitude (X, Y, Z, 6x, 0y, 0z) 
of the driven body S in the six degrees of freedom X, Y, Z, 0x, 0y, 0z and velocities 
(dX/dt, dY/dt, dZ/dt, d0x/dt, d0y/dt, d0z/dt), and initial values of the acceleration-setting 
portion 302 are set to desirable acceleration values for controlling the position/attitude (d 
X/dt 2 , d 2 Y/dt 2 , d 2 Z/dt 2 , d 2 0x/dt 2 , d 2 0y/dt 2 , d 2 0z/dt 2 ). After that, until a new initial 
setting, only the acceleration-setting portion 302 is updated time after time. Meanwhile, 
in the velocity-setting portion 304, its setting values are each set to the sum of their initial 
value and the integration of acceleration values from the acceleration-setting portion 302, 
and in the position/attitude-setting portion 306, its setting values are each set to the sum 
of their initial value and the integration of velocity values from the velocity-setting 
portion 304. 

At each time, in the same way as in the three degrees of freedom described 
previously, a reverse-dynamics analyzing portion 308 analyzes the acceleration-setting 
values of the acceleration-setting portion 302, the velocity-setting values of the velocity- 
setting portion 304, and the position/attitude-setting values of the position/attitude-setting 
portion 306 that are set in this way and input thereto, and based on the results of this 
analysis, the reverse-dynamics analyzing portion 308 determines instructing values of 
thrusts for the each rod RD*. In the same way as in the three degrees of freedom 
described previously, the position/attitude of the driven body S in the six degrees of 
freedom is controlled. 

Next, a way where the first parallel link mechanism 132 controls the 
position/attitude of the wafer stage WST in the six degrees of freedom wi ll be described 
below with referring to FIG. 13 to FIG. 16. 

The main controller 50 can move the wafer stage WST by a distance LI in a non- 
scanning direction, i.e. the X-direction, by controlling the expansion/contraction of the 
first rods 178i to 1786 via the first expansion mechanisms 194i to 194 6 and, e.g., 
changing a state of the first rods 178i to 178 6 shown by solid lines in FIG. 13 to another 
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state shown by virtual lines (two-dot chain lines). In the same way as this, the main 
controller 50 can move the wafer stage WST in a scanning direction, i.e. the Y-direction, 
by appropriately controlling the expansions/contractions of the first rods 178i to 1786 via 
the first expansion mechanisms \94\ to 194 6 . 

Furthermore, the main controller 50 can move the wafer stage WST by a distance 
L2 upwards in Z-axis direction by controlling the expansions/contractions of the first rods 
178i to 178 6 via the first expansion mechanisms 194i to 194 6 and, e.g., changing a state 
of the first rods 178i to 178 6 shown by solid lines in FIG. 14 to another state shown by 
virtual lines (two-dot chain lines). Note that there is no possibility of the interferometer's 
measurement-beam getting out of the reflection surface due to the up/down movement of 
the wafer stage because a stroke of movement in Z-axis direction is, e.g., about 100 (im in 
practice. 

Moreover, the main controller 50 can rotate the wafer stage WST through a fine 
angle about the Y-axis passing through the gravity center of the wafer stage by 
controlling the expansions/contractions of the first rods 178i to 178 6 via the first 
expansion mechanisms 194i to 194 6 and changing a state of the first rods 178j to 178 6 
shown by solid lines in FIG. 15 to another state shown by virtual lines (two-dot chain 
lines). Therefore, 6y rotation (an amount of rolling) of the wafer stage WST is 
adjustable. In the same way as this, the main controller 50 can adjust 0x rotation (an 
amount of pitching) of the wafer stage WST by appropriately controlling the 
expansions/contractions of the first rods 178i to 178 6 via the first expansion mechanisms 
194i to 194 6 . 

Also, the main controller 50 can rotate the wafer stage WST through a fine angle 
fa about the Z-axis passing through the gravity center of the wafer stage by controlling 
the expansions/contractions of the first rods 178i to 178 6 via the first expansion 
mechanisms 194 t to 194 6 and, e.g., changing a state of the first rods 178i to 178 6 shown 
by solid lines in FIG. 16 to another state shown by virtual lines. Therefore, 9z rotation 
(an amount of yawing) of the wafer stage WST is adjustable. 

As described above, in the present embodiment, the position/attitude of the wafer 
stage WST in the six degrees of freedom can be controlled by the first parallel link 
mechanism 132. 



WO 01/22480 



66 



PCT/JP99/05102 



In the same way as the above, the main controller 50 can control the 
position/attitude of the reticle stage RST in the six degrees of freedom by appropriately 
controlling the expansions/contractions of the six second rods 179| to 1796 of the second 
parallel link mechanism 134 via the first expansion mechanisms 195i to 1956. 

FIG. 17 schematically shows the structure of the control system of the exposure 
apparatus 130. This control system in FIG. 17 is composed of the main controller 50 and 
the stage controller 52 as its main portion each of which is a microcomputer or 
workstation. 

Next, the operation of exposure by the exposure apparatus 130 of the present 
embodiment will be described below with referring to FIG. 17, etc. 

First, in the same manner as the first embodiment, after preparation such as reticle 
alignment and base line measurement using a reticle microscope, an alignment detection 
system ALG, a reference mark plate FM, and the like (all are not shown), a fine 
alignment (EGA (enhanced global alignment) etc.) of a wafer W using the alignment 
detection system ALG is completed, and then the arrangement coordinates of a plurality 
of shot areas on the wafer are obtained. During such preparations, the main controller 50 
moves the wafer stage WST via the stage controller 52 by using the above driving 
principle and controlling the first expansion mechanisms 194i to 194 6 composing the first 
parallel link mechanism 132. 

Next, using the above driving principle, on the basis of the positional information, 
in the degrees of freedom X, Y, 0z, of the reticle stage RST reported from the stage unit 
52 in real time, the main controller 50 controls the expansions/contractions of the second 
rods 179! to 179 6 via the stage controller 52 by using the second expansion mechanisms 
195i to 195 6 composing the second parallel link mechanism 134, moves the reticle stage 
RST, and positions the reticle R at the scanning start point in the Y direction. In the same 
way, using the above driving principle, on the basis of the positional information, in the 
degrees of freedom X, Y, 8z, of the wafer stage WST reported from the stage unit 52 in 
real time, the main controller 50 controls the expansions/contractions of the first rods 
178i to 178 6 via the stage controller 52 by using the first expansion mechanisms 194i to 
194 6 composing the first parallel link mechanism 132, moves the wafer stage WST, and 
positions a corresponding shot area on the wafer W at the scanning start point in the Y 
direction. 
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Then using the above driving principle, on the basis of the positional information, 
in the degrees of freedom X, Y, 9z, of the reticle stage RST and the wafer stage WST 
reported from the stage unit 52 in real time, the main controller 50 synchronously moves 
the reticle stage RST and the wafer stage WST in mutually opposite directions at a 
velocity ratio corresponding to the projection magnification by controlling the first and 
second parallel link mechanisms 132, 134, and scanning exposure is performed. 

On this scanning exposure, the main controller 50 controls the velocities of the six 
first rods 178 and the six second rods 179, respectively composing the first parallel link 
mechanism 132 and the second parallel link mechanism 134, as a consequence of the 
positional control of each stage based on the above driving principle. 

By the above operation, one-scan exposure (one shot exposure) of the reticle R is 
completed. 

Next, according to instructions from the main controller 50, the stage controller 
52 steps the wafer stage WST by one row of shot areas in the X direction, and scans the 
wafer stage WST and the reticle stage RST each in an opposite direction to their previous 
direction, and performs scanning exposure onto other shot areas on the wafer. 

During the above scanning exposure, on the basis of the measurement results of 
focus and leveling in the exposure area on the wafer reported from the stage controller 52 
in real time, the main controller 50 calculates such Z, 0x, 6y of the wafer stage WST as 
the exposure areas are kept within the range of the focus depth of the projection optical 
system PL by, calculates acceleration values to realize the position/attitude given by those 
values, and gives them to the stage unit 52. By this, on the basis of the acceleration 
values, the stage controller 52 controls the first expansion mechanisms 194i to 194 6 
composing the first parallel link mechanism 132, controls the expansions/contractions of 
the first rods 178i to 178 6 , and controls the position/attitude in three degrees of freedom 
Z, 6x,j9 of the wafer stage WST and its position/attitude in the degrees of freedom X, Y, 
0z simultaneously. That is, in this way, the adjustment of the relative position, in three 
degrees of freedom Z, 9x, 9y, between the projection optical system and the wafer W 
(wafer stage WST), i.e. a focus leveling control, is precisely performed to prevent the 
deterioration of pattern-transferred images due to defocus as much as possible. 

Furthermore, during the above scanning exposure, on the basis of the 
measurement results of focus and leveling in the exposure area on the wafer reported 
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from the stage controller 52 in real time, the main controller 50 calculates Z, 0x, 9y of the 
reticle stage RST, calculates acceleration values to realize the position/attitude given by 
those values, and gives them to the stage unit 52 to keep the position/attitude, in the 
degrees of freedom Z, 0x, 0y, of the reticle stage RST at a desirable state. On the basis of 
the acceleration values, the stage controller 52 controls the second expansion mechanisms 
1951 to 1956 composing the parallel link mechanism 134, controls the 
expansions/contractions of the second rods 179i to 1796, and controls the position/attitude 
in three degrees of freedom Z, 0x,)8 of the reticle stage RST and its position/attitude in 
the degrees of freedom X, Y, 0z simultaneously. That is, in this way, the relative 
position, in three degrees of freedom Z, 0x, 0y, of the reticle stage RST with respect to 
the projection optical system PL is adjusted. Therefore, the transfer position deviations, 
image blurs, etc., of pattern-transferred images due to defocus, etc., are effectively 
suppressed. 

As described above, in the exposure apparatus 130 of the second embodiment, the 
main controller 50 expands and contracts individually the first rods 178i to 1786 by using 
the first expansion mechanisms 194j to 194 6 composing the first parallel link mechanism 
132 via the stage controller 52, thereby precisely controlling the position/attitude, in the 
six degrees of freedom (X, Y, Z, 0x, 0y, 0z), of the wafer stage WST with desirable 
operational-characteristic and high rigidity. Because the wafer stage WST is driven by 
the first parallel link mechanism 132, such a driver to drive the wafer stage WST as a 
linear motor and a stage base (wafer base level block) to support the wafer stage WST are 
unnecessary. Also, it is unnecessary to provide a Z-tilt driving mechanism, etc., on the 
wafer stage WST. Therefore, it is possible to make the wafer stage WST small and 
lightweight. 

In the exposure apparatus 130 of the present embodiment, the main controller 50 
expands and contracts individually the second rods 179i to 179 6 by using the second 
expansion mechanisms 195 1 to 195 6 composing the second parallel link mechanism 134 
via the stage controller 52, thereby precisely controlling the position/attitude, in the six 
degrees of freedom (X, Y, Z, 0x, 0y, 0z), of the reticle stage RST with desirable 
operational-characteristics and high rigidity. Because the reticle stage RST is driven by 
the second parallel link mechanism 134, such a driver to drive the reticle stage WST as a 
linear motor and a stage base (reticle base level block) to support the reticle stage RST 
are unnecessary. Also, it is unnecessary to provide a Z-tilt driving mechanism, etc., on 
the reticle stage RST. Therefore, it is possible to make the reticle stage RST small and 
lightweight. 
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Furthermore, in the exposure apparatus 130 of the present embodiment, a 
supporting mechanism (140, 142, 144) supports the projection optical system PL fixed 
thereto on the floor surface FD where the exposure apparatus 130 is installed. Therefore, 
after the projection optical system PL is adjusted to take a desirable position and attitude 
at the initial adjustment in advance and is fixed in such a state by the supporting 
mechanism, the main controller 50 controls the position/attitude, in the six degrees of 
freedom (X, Y, Z, Gx, By, 9z), of the wafer stage WST and the reticle stage RST as 
described above. As its result, the relative position, in six degrees of freedom, of the 
wafer stage WST (wafer W) with respect to the projection optical system PL and the 
relative position, in six degrees of freedom, of the reticle stage RST (reticle R) with 
respect to the projection optical system PL can be controlled. Also, the position/attitude, 
in six degrees of freedom, of the wafer W are measured with respect to the projection 
optical system PL, as reference, by the wafer interferometer system (24Wxi, 24Wx 2 , 
24 Wy) and the focus sensor 73 that are fixed on the lens-barrel level block 144 or the 
projection optical system PL that are independent from the wafer stage WST and the 
reticle stage RST regarding vibrations. Therefore, it is possible to perform precise 
measurements. 

In the present embodiment, because the first expansion mechanisms 194i to 194 6 
and the second expansion mechanisms 195] to 195 6 each comprise an air cylinder and a 
shaft motor that are arranged mutually in series, the main controller 50 can drive the 
wafer stage WST and the reticle stage RST coarsely and by larger distances by 
controlling the air pressure of the air cylinder and also finely by the shaft motor. As a 
result, the main controller 50 can precisely adjust the positions/attitudes, in six degrees of 
freedom, of the wafer stage and the reticle stage, and then their relative positions with 
respect to the projection optical system PL in a short time. 

In the present embodiment, in the same manner as the first embodiment, because 
the first rods 178i to 178 6 and the second rods 179i to 179 6 each comprise an air pad to 
support the mover of the shaft motor with respect to its stator in a non-contact manner, in 
controlling the expansions/contractions of the first rods 178i to 1786 and the second rods 
179i to 179 6 by expansion mechanisms, friction that works as a non-linear component 
can be avoided. Therefore, the positions/attitudes, in six degrees of freedom, of the wafer 
stage WST and the reticle stage RST can be more precisely controlled. Note that in this 
case, a magnetic bearing unit may be used instead of the air pad. 
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In the exposure apparatus 130 of the present embodiment, in the same manner as 
the first embodiment, much larger thrust can be generated compared with, e.g. usual 
linear motor, etc., and it is possible to make it smaller than a hydraulic cylinder, etc. 
Also, the parallel link mechanism 132, 134 of which each rod comprises an air cylinder 
and a shaft motor are suitable for the exposure apparatus 130 because making the 
exposure apparatus small and more lightweight and improving its output at the same 
time. 

In the exposure apparatus 130 of the present embodiment, the main controller 50 
statically adjusts the relative position, with respect to the projection optical system PL, of 
at least one of the wafer stage WST and the reticle stage RST by using air cylinders 
composing the first and second expansion mechanisms and can suppress vibrations by 
using shaft motors. In this way, it is possible to adjust the relative position, with respect 
to the projection optical system PL, of at least one of the wafer stage WST and the reticle 
stage RST and suppress vibrations caused by the expansion/contraction-drive of the rods. 

The main controller 50 can suppress vibrations of low frequency by controlling 
the air pressure of the air cylinders composing the first and second expansion 
mechanisms and isolate high frequency vibrations by controlling currents to the shaft 
motors. Therefore, low frequency vibrations in the wafer base level block 38 and the 
reticle base level block 12 due to a reaction caused by the drive of each stage can be 
suppressed and fine vibrations from the floor surface, i.e. high frequency vibrations, can 
be isolated. 

Furthermore, the main controller 50 can isolate high frequency vibrations by 
controlling currents to the shaft motors, thereby being able to isolate fine vibrations from 
the floor surface, i.e. high frequency vibrations. 

In the exposure apparatus 130 of the present embodiment, a number of devices 
described above make the wafer stage WST and the reticle stage RST lightweight, 
improve controllability of their positions and its characteristics of suppressing vibrations 
of the units and isolating vibrations of the floor, and make it possible to manufacture 
highly integrated semiconductor devices, which have finer line widths, with high yield. 
Also, the exposure apparatus of the present embodiment can perform exposure with high 
resolution with using F 2 laser light or an energy beam of shorter wavelength in the 
atmosphere filled with a gas such as helium. 
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Incidentally, although the second embodiment described a case where the 
positions/attitudes, in six degrees of freedom, of the wafer stage WST and the reticle 
stage RST are controlled by the parallel link mechanisms, the present invention is not 
limited to this, not to mention. For example, the position/attitude, in six degrees of 
freedom, of only one of the wafer stage WST and the reticle stage RST may be controlled 
by the parallel link mechanism while the other is driven in the degrees of freedom X, Y, 
0z by using a linear motor, a planar motor, etc., and the position/attitude, in the degrees 
of freedom Z, 0x, 0y, of an object (wafer or reticle) mounted on the stage is controlled by 
a Z-leveling mechanism provided on the stage. 

In another case, for at least one of the wafer stage WST and the reticle stage RST, 
the positions/attitudes in at least three degrees of freedom, e.g. X, Y, 0z, may be 
controlled by the parallel link mechanisms comprising three expandable rods. In this 
case, a driver such as a linear motor, a stage base and the like of at least one of the wafer 
stage WST and the reticle stage RST are unnecessary. Note that to control the 
positions/attitudes in six degrees of freedom of the wafer and reticle, it is necessary to 
provide a mechanism (e.g., a Z-tilt driving mechanism) and the like to drive the other 
three degrees of freedom (e.g., Z, 0x, 0y) of the object (wafer or reticle) mounted on the 
stage. 

Incidentally, although the second embodiment described a case where a 
supporting mechanism (140, 142, 144) supports the projection optical system PL fixed 
thereto on the floor surface FD, a parallel link mechanism comprising at least three 
expandable rods may support the projection optical system PL like the first embodiment. 
In this case, the initial adjustment of the projection optical system PL can be easily 
performed by controlling the expansion mechanism of each rod. After that, the projection 
optical system PL can be supported to take a desirable and fixed position/attitude by 
keeping the length of each rod by its expansion mechanism. Then by controlling the 
positions/attitudes of both the stages and adjusting the relative positions, in at least three 
degrees of freedom, of both the stages with respect to the projection optical system PL, 
the whole adjustment can be satisfactorily performed. In this case, an expansion 
mechanism comprising an air cylinder like the above expansion mechanisms is preferred. 
By such an expansion mechanism, the initial position/attitude of the projection optical 
system PL can be easily adjusted by adjusting the inside pressure of the air cylinder. 

Furthermore, although the second embodiment described a case where the base 
member 136 of the first link mechanism 132 to control the position/attitude of the wafer 
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stage WST and the base member 154 of the second link mechanism 134 to control the 
position/attitude of the reticle stage RST are separate, these base members may be one 
member. In this case, if a link mechanism supports the projection optical system PL, the 
base member of the link mechanism and at least one of the base member 136 and the base 
member 154 may be one member. 

Note that the parallel link mechanisms of the first and second embodiments are 
examples and that parallel link mechanisms, which the exposure apparatus of the present 
invention can use, are not limited to those. 

The exposure apparatus of the present embodiments is made by assembling 
various sub-systems comprising elements in the claims of the present patent application 
while keeping mechanical precision, electric precision, and optical precision. To ensure 
the precision, after and before the assembly, adjustment to achieve the optical precision is 
performed to its optical system; adjustment to achieve the mechanical precision is to its 
mechanical system, and adjustment to achieve the electric precision is to its electric 
system. A process of assembling various sub-systems into an exposure apparatus 
includes mechanical connection among the sub-systems, connection of electric circuits, 
and connection of tubes of air pressure circuits. Needless to say, before the process of 
assembling various sub-systems into an exposure apparatus, each sub-system should be 
assembled. After the process of assembling various sub-systems into an exposure 
apparatus, comprehensive adjustment is performed to ensure various kinds of precision of 
the whole exposure apparatus. Note that it is preferable to make an exposure apparatus in 
a clean room where the temperature, the degree of cleanness, and the like are controlled. 

Incidentally, although the present embodiments described a case where the 
present invention is employed in a scanning exposure apparatus of a step-and-scan 
method, the present invention is not limited to that. The present invention can be suitably 
employed in a stationary-exposure-type such as an exposure apparatus (stepper) of a step- 
and-repeat method and also in an exposure apparatus of a step-and-switch method such as 
a mirror projection aligner. 

Incidentally, although the present embodiments described a case where light, of 
which the wavelength is in the rang of about 120 nm to about 180 nm and belongs to 
vacuum ultraviolet region, F 2 laser light, Kr 2 laser light, Ar 2 laser, ArF excimer laser 
light, or the like is used as the exposure illumination light. An ultraviolet emission light 
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(g-line, i-line, etc.) from ultra-high pressure mercury lamp, KrF excimer laser light, 
harmonic wave from copper vapor laser or YAG laser, or the like may be used. 

Furthermore, as a vacuum ultraviolet light, ArF excimer laser light or F 2 laser 
light is used. However, a higher harmonic wave may be used which is obtained with 
wavelength conversion into ultraviolet by using non-linear optical crystal after 
amplifying a single wavelength laser light, infrared or visible, emitted from a DFB 
semiconductor laser device or a fiber laser by a fiber amplifier having, for example, 
erbium (or erbium and ytterbium) doped. 

For example, considering that the oscillation wavelength of a single wavelength 
laser is in the range of 1.51 to 1.59 ^m, an eight-time-higher harmonic wave of which the 
wavelength is in the range of 189 to 199 nm or a ten-time-higher harmonic wave of 
which the wavelength is in the range of 151 to 159 nm is emitted. Especially, when the 
oscillation wavelength is in the range of 1.544 to 1.553 }im, an eight-time-higher 
harmonic wave of which the wavelength is in the range of 193 to 194 nm, that is, almost 
the same as ArF excimer laser light (ultraviolet light) is obtained, and when the 
oscillation wavelength is in the range of 1.57 to 1.58 ^m, a ten-time-higher harmonic 
wave of which the wavelength is in the range of 157 to 158 nm, that is, almost the same 
as F 2 laser light (ultraviolet light) is obtained. 

Furthermore, when the oscillation wavelength is in the range of 1.03 to 1.12 |im, a 
seven-time-higher harmonic wave of which the wavelength is in the range of 147 to 160 
nm is emitted, and, especially, when the oscillation wavelength is in the range of 1.099 to 
1.106 nm, a seven-time-higher harmonic wave of which the wavelength is in the range of 
157 to 158 jim, that is, almost the same as F 2 laser light (ultraviolet light) is obtained. In 
this case, for example, ytterbium-doped fiber laser can be employed as the single 
wavelength laser. 

Furthermore, the present invention can be applied to an scanning exposure 
apparatus employing EUV (Extreme Ultraviolet) light, of which the wavelength is in the 
range of 5 to 50 nm, as an exposure illumination light. In such an exposure apparatus 
using EUV light, an all-reflection-type optical system and a reflection-type reticle are 
employed. 
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Also, the present invention can be applied not only to a light exposure apparatus 
described above but also to an exposure apparatus using a charged particle beam such as 
an electron beam. 

Moreover, the present invention can be applied not only to micro devices such as 
semiconductor devices but also to the production of reticles or masks used by a light 
exposure apparatus, EUV (Extreme Ultraviolet) exposure apparatus, X-ray exposure 
apparatus and electron beam exposure apparatus, and an exposure apparatus that transfers 
a circuit pattern onto a glass substrate or silicon wafer. Incidentally, in an exposure 
apparatus using DUV (far ultraviolet) light or VUV (vacuum ultraviolet) light, a 
transmission-type reticle is employed in general. Also, as the substrate of the reticle, 
quartz glass, quartz glass with fluorine doped, fluorite, magnesium fluoride, or quartz 
crystal is employed. Also, an X-ray exposure apparatus or electron beam exposure 
apparatus of a proximity method employs a transmission-type mask (stencil-mask, 
membrane-mask), and as the substrate of the mask, silicon wafer or the like is employed. 

Note that the present invention can be applied not only to a wafer exposure 
apparatus used in the production of semiconductor devices but also to an exposure 
apparatus that transfers a device pattern onto a glass plate and is used in the production of 
displays such as liquid crystal display devices, an exposure apparatus that transfers a 
device pattern onto a ceramic plate and is used in the production of thin magnetic heads, 
and an exposure apparatus used in the production of pick-up devices (CCD, etc.). 

In addition, the parallel link mechanism according to the present invention can be 
applied not only to an exposure apparatus but also preferably to any apparatus of which 
the miniaturization and lightening, and the improvement of the output are necessary and 
which needs to precisely control the position/attitude of a body to be driven. 

A Device Manufacturing Method 

The embodiment of the method of manufacturing a device by using the above 
exposure apparatus in lithography processes will be described next. 

FIG. 18 is a flow chart for the manufacture of a device (a semiconductor chip 
such as IC or LSI, liquid crystal panel, CCD, thin magnetic head, micro machine, or the 
like) in this embodiment. As shown in FIG. 1 8, in step 201 (design step), 
function/performance design for a device (e.g., circuit design for a semiconductor device) 
is performed to perform pattern design to implement the function. In step 202 (mask 
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manufacturing step), a mask on which the designed circuit pattern is formed is 
manufactured. In step 203 (wafer manufacturing step), a wafer is manufacturing by using 
a silicon material or the like. 

In step 204 (wafer processing step), an actual circuit and the like are formed on 
the wafer by lithography or the like using the mask and wafer prepared in steps 201 to 
203, as will be described later. In step 205 (device assembly step), a device is assembled 
by using the wafer processed in step 204. Step 205 includes processes such as dicing, 
bonding, and packaging (chip encapsulation). 

Finally, in step 206 (inspection step), a test on the operation of the device, 
durability test, and the like are performed. After these steps, the device is completed and 
shipped out. 

FIG. 19 is a flow chart showing a detailed example of step 204 described above in 
manufacturing the semiconductor device. Referring to FIG. 19, in step 21 1 (oxidation 
step), the surface of the wafer is oxidized. In step 212 (CVD step), an insulating film is 
formed on the wafer surface. In step 213 (electrode formation step), an electrode is 
formed on the wafer by vapor deposition. In step 214 (ion implantation step), ions are 
implanted into the wafer. Steps 21 1 to 214 described above constitute a pre-process for 
each step in the wafer process and are selectively executed in accordance with the 
processing required in each step. 

When the above pre-process is completed in each step in the wafer process, a 
post-process is executed as follows. In this post-process, first of all, in step 215 (resist 
formation step), the wafer is coated with a photosensitive agent. In step 216, the circuit 
pattern on the mask is transferred onto the wafer by the above exposure apparatus and 
method. In step 217 (developing step), the exposed wafer is developed. In step 218 
(etching step), an exposed member on a portion other than a portion where the resist is 
left is removed by etching. In step 219 (resist removing step), the unnecessary resist after 
the etching is removed. 

By repeatedly performing these pre-process and post-process, a multiple-layer 
circuit pattern is formed on each shot-area of the wafer. 

According to the method of manufacturing a device of the present embodiment, 
because exposure is performed by using an exposure apparatus 10 or 130 of the above 
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embodiments in the exposure process (step 216) and exposure precision is improved, a 
highly integrated device is manufactured with high yield. 

Possibilities for Industrial Application 

As has been described above, because the parallel link mechanism according to 
the present invention can realize the miniaturization and lightening, it is suitably 
applicable to an exposure apparatus. In addition, the exposure apparatus according to the 
present invention is suitable to precisely form a fine pattern composed of multi-layers on 
a substrate such as a wafer by transferring each layer. Furthermore, the method of 
manufacturing a device according to the present invention is suitable for manufacturing a 
device having a fine pattern. 
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Scope of Patent Claims 

1. A parallel link mechanism that controls position/attitude, in directions of at 
least three degrees of freedom of a movable object, comprising: 

a base member; 

at least three expandable rods that include a first axis member and a second axis 
member so as to be movable relatively in each axis direction and link the base member 
and the movable object; and 

an expansion mechanism that is provided at each rod, drives relatively the first 
axis member and the second axis member in the axis direction and expands/contracts 
each rod, 

wherein the expansion mechanism includes a cylindrical mover that is provided 
integrally at one of the first and the second axis members and a cylindrical stator that is 
provided integrally at the other of the first and the second axis members and includes a 
shaft motor that relatively drives the first axis member and the second axis member in the 
axis direction by driving force caused by electromagnetic interaction between the mover 
and the stator. 

2. The parallel link mechanism according to claim 1, wherein the expansion 
mechanism fiirther comprises an air cylinder arranged in parallel or in series at the shaft 
motor. 

3. An exposure apparatus that transfers a predetermined pattern on a substrate, 
comprising: 

an exposure main portion that performs transfer of the pattern; and 
a parallel link mechanism that supports attitude-controllably at least one part of 
the exposure main portion. 

4. The exposure apparatus according to claim 3, wherein the exposure main 
portion comprises a substrate stage that holds the substrate, and 

the parallel link mechanism controls position/attitude, in at least three degrees of 
freedom, of the substrate stage. 

5. The exposure apparatus according to claim 4, wherein the parallel link 
mechanism comprises a first base member, at least three expandable first rods that link 
the first base member and the substrate stage, and a first expansion mechanism that is 
provided at each of the first rods and expands/contracts each of the first rods. 
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6. The exposure apparatus according to claim 5, wherein the parallel link 
mechanism comprises six of the first rods and controls position/attitude, in six degrees of 
freedom, of the substrate stage by expansion/contraction of each of the first rods. 

7. The exposure apparatus according to claim 5, wherein the first expandable 
mechanism comprises an air cylinder and an electromagnetic linear motor that are 
arranged in parallel or in series with each other. 

8. The exposure apparatus according to claim 5, wherein the exposure main 
portion further comprises a projection optical system that projects the pattern onto the 
substrate. 

9. The exposure apparatus according to claim 8, wherein the exposure main 
portion further comprises a mask stage that holds a mask, on which the pattern is formed, 
and 

the parallel link mechanism controls a relative position, in three degrees of 
freedom, of the mask stage. 

10. The exposure apparatus according to claim 9, wherein the parallel link 
mechanism comprises a second base member, at least three expandable second rods that 
link the second base member and the mask stage, and a second expansion mechanism that 
is arranged in the second rods and expands/contracts each of the second rods. 

11. The exposure apparatus according to claim 10, wherein the parallel link 
mechanism comprises six of the second rods and controls position/attitude, in six degrees 
of freedom, of the mask stage by expansion/contraction of each of the second rods. 

12. The exposure apparatus according to claim 10, wherein at least one of the 
first and the second expansion mechanisms comprises an air cylinder and an 
electromagnetic linear motor that are arranged in parallel or in series with each other. 

13. The exposure apparatus according to claim 12, wherein at least one of the 
first and the second rods further comprises a bearing unit that supports a mover of the 
electromagnetic linear motor with respect to its stator in non-contact manner. 
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14. The exposure apparatus according to claim 13, wherein the bearing unit is a 
gas static pressure bearing unit. 

15. The exposure apparatus according to claim 14, wherein the gas static pressure 
bearing unit comprises a differential exhaust mechanism. 

16. The exposure apparatus according to claim 13, wherein the bearing unit is a 
magnetic bearing unit. 

17. The exposure apparatus according to claim 10, farther comprising a controller 
that statically adjusts a relative position of at least one of both the stages and the 
projection optical system by use of the air cylinder and suppresses vibrations by use of 
the electromagnetic linear motor. 

18. The exposure apparatus according to claim 10, further comprising a controller 
that insulates high-frequency vibrations by controlling an electric current supplied to the 
electromagnetic linear motor. 

19. The exposure apparatus according to claim 10, further comprising a 
supporting mechanism that supports the projection optical system to be in a fixed state on 
a floor surface where the exposure main portion is mounted. 

20. The exposure apparatus according to claim 10, wherein the parallel link 
mechanism further comprises a third base member, at least three expandable third rods 
that link the third base member and the projection optical system, and a third expansion 
mechanism that is provided at each of the third rods and expands/contracts each of the 
third rods. 

21. The exposure apparatus according to claim 20, wherein the third expansion 
mechanism comprises an air cylinder. 

22. The exposure apparatus according to claim 20, wherein at least any arbitrary 
two of the first, the second, and the third base members are the same member. 

23. The exposure apparatus according to claim 3, wherein the exposure main 
portion comprises a mask stage that holds a mask on which the pattern is formed, and 
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the parallel link mechanism controls a relative position, in three degrees of 
freedom, of the mask stage. 

24. The exposure apparatus according to claim 23, wherein the parallel link 
mechanism comprises a base member, at least three expandable rods that link the base 
member and the mask stage, and an expansion mechanism that is provided at each of the 
rods and expands/contracts each of the rods. 

25. The exposure apparatus according to claim 24, wherein the parallel link 
mechanism comprises six of the rods and controls position/attitude, in six degrees of 
freedom, of the mask stage by expansion/contraction of each of the rods. 

26. The exposure apparatus according to claim 3, wherein the exposure main 
portion comprises a substrate stage that holds the substrate and a first stage base that 
supports the substrate stage so as to be movable, and 

the parallel link mechanism controls a relative position, in three degrees of 
freedom, of the first stage base. 

27. The exposure apparatus according to claim 26, wherein the parallel link 
mechanism comprises a first base member, at least three expandable first rods that link 
the first base member and the first stage base, and a first expansion mechanism that is 
provided at each of the first rods and expands/contracts each of the first rods. 

28. The exposure apparatus according to claim 27, wherein the first expandable 
mechanism comprises an air cylinder and an electromagnetic linear motor that are 
arranged in parallel or in series with each other. 

29. The exposure apparatus according to claim 27, wherein the exposure main 
portion further comprises a projection optical system that is supported to be independent 
of the first stage base and projects the pattern onto the substrate. 

30. The exposure apparatus according to claim 29, further comprising a position 
detector that is fixed on the projection optical system and detects positional relationship, 
in six degrees of freedom, between the substrate and the projection optical system. 
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3 1 . The exposure apparatus according to claim 29, further comprising a 
supporting mechanism that supports the projection optical system to be in a fixed state on 
a floor surface where the exposure main portion is mounted. 

32. The exposure apparatus according to claim 29, wherein the exposure main 
portion further comprises a mask stage that holds a mask, on which the pattern is formed, 
and a second stage base that supports the mask stage so as to be movable, and 

the parallel link mechanism controls position/attitude, in three degrees of 
freedom, of the second stage base. 

33. The exposure apparatus according to claim 31, further comprising a position 
detector that is fixed on the projection optical system and detects positional relationship, 
in six degrees of freedom, between the mask stage and the projection optical system. 

34. The exposure apparatus according to claim 33, wherein the position detector 
is an interferometer, 

a mirror for detecting a relative position of X, Y, 9 Z directions to which a length- 
measuring beam is irradiated from the interferometer, is provided at the mask stage, and 

a mirror for detecting a relative position in Z, 0 X , 0 y directions to which a length- 
measuring beam is irradiated from the interferometer is fixed at the second stage base. 

35. The exposure apparatus according to claim 32, wherein the parallel link 
mechanism comprises a second base member, at least three expandable second rods that 
link the second base member and the second stage base, and second expansion 
mechanisms that are arranged in the respective second rods and expand/contract the 
respective second rods. 

36. The exposure apparatus according to claim 35, wherein the parallel link 
mechanism further comprises a third base member, at least three expandable third rods 
that link the third base member and the projection optical system, and a third expansion 
mechanism that is provided at each of the third rods and expands/contracts each of the 
third rods. 

37. The exposure apparatus according to claim 36, wherein the third expansion 
mechanism comprises an air cylinder. 
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38. The exposure apparatus according to claim 36, wherein at least any arbitrary 
two of the first, the second, and the third base members are the same member. 

39. The exposure apparatus according to claim 35, wherein at least one of the 
first and the second expandable mechanisms comprises an air cylinder and an 
electromagnetic linear motor that are arranged in parallel or in series with each other. 

40. The exposure apparatus according to claim 39, wherein at least one of the 
first and the second rods further comprises a bearing unit that supports a mover of the 
electromagnetic linear motor with respect to its stator in non-contact manner. 

41 . The exposure apparatus according to claim 40, wherein the bearing unit is a 
gas static pressure bearing unit. 

42. The exposure apparatus according to claim 41, wherein the gas static pressure 
bearing unit comprises a differential exhaust mechanism. 

43. The exposure apparatus according to claim 40, wherein the bearing unit is a 
magnetic bearing unit. 

44. The exposure apparatus according to claim 39, further comprising a controller 
that statically adjusts a relative position of at least one of the first and the second stage 
bases and the projection optical system by use of the air cylinder and suppresses 
vibrations by use of the electromagnetic linear motor. 

45. The exposure apparatus according to claim 39, further comprising a controller 
that suppresses low-frequency vibrations by controlling an air-pressure of the air cylinder 
and insulates high-frequency vibrations by controlling an electric current of the 
electromagnetic linear motor. 

46. The exposure apparatus according to claim 32, wherein a plurality of the 
stages are mounted on at least one of the first and the second stage bases. 

47. The exposure apparatus according to claim 3, wherein the exposure main 
portion comprises a mask stage that holds a mask on which the pattern is formed, a stage 
base that supports the mask stage so as to be movable, and 
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the parallel link mechanism controls position/attitude, in three degrees of 
freedom, of the stage base. 

48. The exposure apparatus according to claim 47, wherein the parallel link 
mechanism comprises a base member, at least three expandable rods that link the base 
member and the stage base, and an expansion mechanism that is provided at each of the 
rods and expand/contract the respective rods. 

49. The exposure apparatus according to claim 3, further comprising a chamber 
that houses at least one part of the exposure main portion to be sealed from the outside 
atmosphere and allows its attitude to be changed. 

50. The exposure apparatus according to claim 49, further comprising a vacuum 
exhaust system and a gas supply system so as to purge non-active gas in the chamber. 

5 1 . The exposure apparatus according to claim 32, further comprising a chamber 
that includes a first room that contains the mask stage and has the second stage base as a 
part, a second room that contains the projection optical system, a third room that contains 
the substrate stage and has the first stage base as a part, and expandable bellows- 
members, which respectively link the first room and the second room, and the second 
room and the third room, and separates the substrate stage, the optical projection system, 
and the mask stage from the outside atmosphere. 

52. The exposure apparatus according to claim 51, further comprising a vacuum 
exhaust system and a gas supply system so as to purge non-active gas in the chamber. 

53. A method of manufacturing an exposure apparatus that transfers a pattern of a 
mask onto a substrate, comprising the steps of: 

providing a mask stage that holds the mask; 

providing a projection optical system that projects a pattern of the mask onto the 
substrate; 

providing a substrate stage that holds the substrate; 

providing a parallel link mechanism that supports at least one of the mask stage 
and the substrate stage so as to control a relative position in at least directions of three 
degrees of freedom between at least one of the mask stage and the substrate stage and the 
projection optical system. 
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54. A method of manufacturing an exposure apparatus that transfers a pattern of a 
mask onto a substrate, comprising the steps of: 

providing a mask stage that holds the mask; 

providing a projection optical system that projects a pattern of the mask onto the 
substrate; 

providing a substrate stage that holds the substrate; 

providing a first stage base that supports so as to make the mask stage movable; 
providing a second stage base that supports so as to make the substrate stage 
movable; and 

providing a parallel link mechanism that supports at least one of the first and the 
second stage bases so as to control a relative position in at least directions of three 
degrees of freedom between at least one of the first and the second stage bases and the 
projection optical system. 

55. A method of manufacturing a device comprising a lithography process, 
wherein the lithography process performs exposure by use of an exposure apparatus 
according to any one of claims 3 to 52. 
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